I 1 ameene 


P-O66>) 


CONFERENCE PROCEEDINGS MANUAL 








12-13-14 May, 1960 











Sheraton - Dallas 








Dallas, Texas 





“A CHALLENGE TO INDUSTRIAL ENGINEERING 








Copyright 1960 


by 


THE 
AMERICAN INSTITUTE 


of 
INDUSTRIAL ENGINEERS, INC. 
145 North High Street, Columbus 15, Ohio 


THESE PROCEEDINGS MAY BE REPRODUCED IN WHOLE OR IN PART, BUT ONLY WITH 
THE AUTHOR’S PERMISSION, PROVIDING CREDIT IS DULY ACKNOWLEDGED TO THE 


ELEVENTH ANNUAL NATIONAL CONFERENCE OF THE 
AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS 


Published by 
UNIVERSITY SUPPLY & EQUIPMENT CO. 
Fort Worth, Texas 











Foreword This year marks the beginning of a new 


decade. The previous decade saw the National Industrial Engineer- 
ing Conference grow from an infant to the nations leading forum of 
industrial engineering. Much was done in those ten years in the way 
of research and advancement for the profession. The program this 
year marks the way for the growth that is still to come. 

We are pleased to present herein a complete printing of the speeches 
and papers presented at the 1960 National Conference of the Ameri- 
can Institute of Industrial Engineers. A table of contents is included 
for your convenience. 

Your committee for this conference wishes to express their thanks and 
appreciation to all those who have presented papers and to all others 
whose participation has contributed to the success of the conference. 

Roy L. Coleman, 


Director of Proceedings 








The Sixties-A Challenge 


Progress in this decade will have the acceleration 
of a rocket. Research will bring us new ideas, new 
techniques. and the demand for yet more research. 
We must be alive to the trends in the mathematical, 
physical. and social sciences if our individual pro- 
fessional development is to keep pace with the times. 
To this purpose is dedicated the ELEVENTH AN- 
NUAL NATIONAL CONFERENCE and CONVEN- 
TION of the AMERICAN INSTITUTE of INDUS- 
TRIAL ENGINEERS. 
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The AIIE is dedicated to the following purposes: 


To maintain the practice of Industrial 
Engineering on a professional status 


To foster a high degree of integrity 
among the members of the industrial 
engineering profession 


To encourage and assist education 
among members of the profession 


To promote the interchange of ideas 
and information among members of the 
profession 


To serve in the public interest by iden- 
tification of men qualified to practice as 
Industrial Engineers 


To promote professional registration of 
Industrial Engineers. 
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section 1 


KEYNOTE ADDRESS 


by FRANK JOHNSON 
President 


AMERICAN INSTITUTE OF INDUSTRIAL ENGINEERS 


Mr. Johnson graduated with honors from North Carolina State College 
with a degree in Civil Engineering. He expanded his knowledge of 
Engineering with graduate work in Industrial Engineering. 

At the present time, Mr. Johnson is Manager, Production Engineering 
Design Analysis at the Lockheed Aircraft Corporation in Marietta, 
Georgia, is a director and assistant to the President. Prior to his present 
positions, he has had experience as production Supervisor and Quality 
Control with manufacturing concerns. He has also served as head of 
Industrial Engineering Department at Southern College. Because of 
his energy and enthusiasm, Mr. Johnson is well known in business and 
professional organizations. He has served as Pesident of the Atlanta 
Management Club, Atlanta Tipoff Club, President of the Atlanta 
chapter of A I I E, Lockheed Management Club and the Atlanta Person- 
nel Club. Being a Registered Professional Engineer, he is also a member 
of the National Society of Professional Engineers. 
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THE SIXTIES —A CHALLENGE TO INDUSTRIAL ENGINEERING 


by FRANK J. JOHNSON 


Manager, Production Engineering Design Analysis, Lockheed Aircraft Corporation 


WOULD like to add my welcome to all registrants to 
this 11th Annual National Conference of the American 
Institute of Industrial Engineers. 

Last year in his keynote address, Past-President 
George Gustat discussed the expanding horizons of our 
profession. He defined a horizon as a limit of percep- 
tion or experience. A problem for which you do not 
know the solution, is, of course, always beyond that 
point. As one of these problems is solved, our horizon 
is pushed back or expanded until we can see more and 
more into the future. I felt that it would be appropriate 
for a “Keynote” address to take a look into this future, 
as best we can to see the challenges facing our profes- 
sion during the decade we are now entering. Before we 
can look ahead, it would seem appropriate that we 
glance back for a moment to see from whence we came. 


A study of history reveals that the engineering pro- 
fession probably started in the days of the Roman Em- 
pire when such projects as roads, bridges and aque- 
ducts were designed and built, usually for the use of 
the armies. Between military campaigns there was time 
to perform the same functions for the civilian popula- 
tion. I guess we could say that civil engineering was 
the only form of engineering until about midway in 
the 19th century. 


In 1852, when the ASCE was organized, there was 
but one national engineering society in the United 
States. Less than thirty years later, splintering began, 
starting with the mining, mechanical and _ electrical 
branches. This has continued until there are now some 
70 engineering associations with widely varying object- 
ives, qualifications for membership and accomplish- 
ments. 


The great majority of these branches bear a name 
that is descriptive with the type of work performed. 
For instance, we would all recognize the field covered 
by electrical, chemical, radio, ceramic and mining engi- 
neers to name a few. Industrial engineers are not so 
fortunate. In fact we have spent considerable thought 
and time in developing a definition of industrial engi- 
neering for our own people as well as for the general 
public. The many suggested versions we received illus- 
trates the basic problem we have within our own fam- 
ily. Compounding the problem is the rapid and con- 
stantly expanding scope of functions and techniques 
falling within the industrial engineer's sphere of in- 
fluence. New fields of industrial engineering are de- 
veloping so rapidly, that graduates more than three 
years out of school are often out of touch with the 
latest developments in the “state of the art.” 


In many ways the young engineer who has received 
training in the newest techniques and practices of his 
profession, has a distinct advantage over those of us 


who must strive to catch up with a rapidly advancing 
profession. The day of the “stop watch” engineer has 
passed. 


These same young engineers, however, have many 
new problems facing them as we move ahead into the 
Sixties. Unfortunately there has developed a trend to- 
ward collectivism, particularly as it applies to the em- 
ployer-employee relationship. Of all the professions, 
engineering has the most members of labor unions. 
This trend has been the cause of some concern because 
society and technology have not only utilized the pro- 
fessional competence of the engineer, but they look to 
him to supply managerial and executive ability as well. 
Today, more than ever, the engineer must possess the 
technical and intellectual discernment to anticipate 
problems and solve them almost before others think of 
them. Inevitably, engineers make policy in a host of 
industries and vast government agencies which 10 or 
20 years ago looked to the corporation lawyer, the 
financier, or a political figure for the lead. Just as in- 
evitably in a period when the battle between freedom 
and totalitarianism is being waged, national policy 
must be drafted with the aid of engineers. 


It would thus appear to me that the young engineer 
would do well to develop traits of leadership and the 
ability to accept responsibility if he intends to develop 
in professional stature. This would be difficult, if not 
impossible, if he remains satisfied to be subject to the 
leveling influence of a bargaining agency who will 
“represent” him in all aspects of his work relationships. 


We constantly hear about the need for doing some- 
thing for the “common man.” Perhaps we would all 
be better off if we had more “uncommon” men—like 
Edison, Einstein, Benjamin Franklin and Henry Ford. 
People like this as well as many others in all fields of 
engineering, science and management have contributed 
greatly to the tremendous increase in productivity that 
has given our nation the highest standard of living 
ever known. There is only one way to continue to im- 
prove our standard of living and that is to increase 
productivity. While a lot of people contribute to this, 
it is well to remember that increasing the productivity 
is the industrial engineer's chief responsibility. This is 
recognized by many foreign technicians who came to 
our country seeking out the reasons for our so-called 
production “know-how”. They visit our universities and 
seek out the Industrial Engineering Department and 
do likewise when visiting our industrial: plants. 


This recognition has been one of the main factors 
in the “explosive” growth of our profession. In the 
eleven years since A. I. I. E. was founded we have 
grown to a socitty of almost 10,000 members. In addi- 
tion we have almost 2000 student members and 600 
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affiliates. These members are served by 
chapters and 45 student chapters. More important, our 
growth continues at a phenomenal pace. We increase 
ourselves by 25% each year while creating chapters 
in from 10-12 new communities each year. 


In addition to this astounding record, the attendance 
and enthusiasm at our chapter, regional and national 
conferences continue to be the envy of all other socie- 
ties. This can be contributed, in part, to the predom- 
inance of young members in our Institute. This is to 
be expected in a profession that itself is relatively 
young. All of this has resulted in recognition by other 
societies and the general public. One evidence of this 
is the recognition by the Engineers Joint Council who 
only last year gave us the full status of a regular mem- 
ber. This recognition will continue to increase our pro- 
fessional status and prestige—if, we continue to dem- 
onstrate our ability to accept our professional responsi- 
bilities. 

Our Long Range Planning Committee is charged 
with the responsibility of anticipating future problems 
and taking the necessary action to do something about 
increasing this recognition. | am happy to report that 
considerable progress is being made by our national 
organization in presenting our “professional face” to 
the public. 


Of course the chapters and individual members pre- 
sent this “face” to the local community. It is to be ex- 
pected that a person will judge the industrial engineer- 
ing profession by the industrial engineers he happens 
to know. This is why it is so important for each engi- 
neer to develop him professionally as best he can. 
I like to compare our profession in some ways with 
the medical profession. For example, if a young doctor 
graduated, hung out his shingle and opened up a prac- 
tice, he would progress normally for awhile. However, 
if he did not attend symposiums and conferences or 
study his medical journals, he would soon be so far 
behind in the state of the art that he would begin to 
lose his patients, literally and figuratively. He would 
be trying to treat diseases he never heard of and with- 
out the benefit of drugs and medicines that had been 
developed since he obtained his MD degree. The same 
thing happens in our profession. The engineer who has 
not attended a conference or symposium or who has 
not kept up with the latest techniques of industrial 
engineering as published in books and in our own 
JOURNAL, will soon become an obsolete engineer. The 
industrial engineering profession is moving rapidly into 
new fields, such as automation, data processing techni- 
ques, regression analysis and other mathematical tools 
proven successful in work design. 


When someone tells me our JOURNAL is too tech- 
nical and he can’t read the articles, my first impression 
is that there is a man whose profession has left him 
behind. This, of course, does not preclude the de- 
sirability of publishing more articles of a practical na- 
ture. The proper blend is something our JOURNAL 
staff is striving to attain. 


In my visits to many chapters around the country | 
have had the opportunity and privilege of talking with 
many of our members. Perhaps the most frequent 
question asked me is, “What is the A. I. 1. E. doing to 
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increase our professional status and prestige?” The 
answer lies partially in the fine work of our many com- 
mittees serving in the areas of professional develop- 
ment, professional relations, research, international re- 
lations, long range planning and many other equally 
important functions. However, I am convinced that 
true prestige and status will come more rapidly with 
recognition of ability. As each engineer develops him- 
self professionally where he can perform a real service, 
he will then receive the rewards that go with recogni- 
tion of ability. A successful industfial engineer creates 
a demand for others like him. As the demand increases, 
all will partake of the benefits. 


So much for where we.are and whence we came. 
Let's, for a moment, look into the future and see the 
challenges that face us during the decade of the sixties. 
In my opinion, we will continue to see a rapid growth 
in the engineering profession and in our particular 
branch especially. 

At present some 650,000 engineers are classified as 
such by the U. S. Census Bureau. The number of engi- 
neers is increasing at a rate of from two to five times 
that of the population as a whole. We are currently 
graduating about 40,000 engineers per year. This a- 
mounts to about a 6% annual increase in the number 
of engineers. When we compare this with our Insti- 
tute’s growth rate of 24%, it appears that Industrial 
Engineers are increasing at a rate four times as fast as 
other branches of engineering. This is felt to be con- 
servative because there are many industrial engineers 
who have not joined A. I. L. E. and therefore are not 
included in the 24% growth curve. This increase, of 
course, is triggered by the increased demand for ser- 
vices of this nature. This explosive growth has a side 
effect for the more experienced engineers by creating 
more Opportunities in engineering management which 
will provide the training, supervision and control of 
the overall engineering effort. 


I predict a continuation of the trend toward. newer 
techniques and the use of mathematical tools such as 
electronic computers and data processing equipment to 
solve the intricate problems of work design. New tech- 
niques for controlling cost of not only the manufact- 
uring process, but the product design effort as well, will 
be brought into play. 


Perhaps the major development ahead of us is unity 
in the engineering profession. The profession has no 
true counterpart to the American Medical Association 
and the American Bar Association. The National So- 
ciety of Professional Engineers, which makes registra- 
tion a prerequisite of membership, has about 50,000 
members, or about 30% of the total number of regis- 
tered engineers. At the present time about twenty engi- 
neering societies are federated in Engineers Joint Coun- 
cil with a combined membership of approximately 
300,000. The Engineers Council for Professional De- 
velopment is composed of eight societies, five of which 
are also included under EJC. Total membership of 
ECPD is approximately 200,000. 


Past-president L. R. Howson of the American So- 
ciety of Civil Engineers very ably summarized the 
current status of efforts towards unity in the engineer- 
ing profession at a meeting in St. Louis last year. He 





pointed out that while individual engineers want unity 
in the profession, few have defined the term in their 
own minds or analyzed the means by which it might 
be effected. The Engineers Joint Council offers the 
most promising hope of unity since “splintering” strat- 
ed nearly a century ago. The merger of ECPD and EJC 
into a single corporate structure is now in process, 
bringing unity closer to realization. Mr. Howson feels, 
and most of us agree, that the eventual unity, organiza- 
tion should embrace all engineering societies, acting for 
them on matters of common interest but permitting 
each society to pursue by itself or in groups the specific 
activities in which it has interest and proficiency. I 
believe that progress is being made and will continue 
until unity is realized, perhaps in this decade. 


I have tried to look back briefly to our accomplish- 
ments and then to look ahead to the challenges that 
await us in the Sixties. In looking back, I would be 
remiss if I did not acknowledge the excellent work of 
the administrations that preceded mine. I want to take 
this opportunity to thank all the officers, national di- 


rectors, chairmen and chapter presidents for their won- 
derful cooperation and enthusiastic response toward the 
tasks we faced. That we have succeeded is a tribute to 
their loyalty and ability. 1 want to commend to you the 
excellent opportunity you have in the papers and panels 
that have been provided for your enjoyment and en- 
lightenment at this conference. | urge you to take part 
to the limit of your ability. You will leave here a better 
engineer and you will be able to better reflect credit 
on our profession. 

I have enjoyed my year of service as president of our 
Institute. I must admit that there were times that I 
doubted the wisdom of my decision to accept the nom- 
ination. However, in retrospect I must admit that I 
thoroughly enjoyed the opportunity I had of meeting 
so many of our members throughout this great nation 
of ours. Even the problems encountered as a routine 
part of a vast operation like ours became a challenge. 
I assure you that your Institute will be in good hands 
next year under the able and devoted leadership of Dr. 
Alex W. Rathe. Thank you for your patience and atten- 
tion. 





19 


INCo— 





section 2 


PRACTICAL INDUSTRIAL ENGINEERING 
RESEARCH APPLICATIONS 


by HENRY M. OWADES 
Manager 


OFFICE & LABORATORY SERVICES 
MERCK, SHARP & DOHN RESEARCH LABORATORIES 


Mr. Owades is graduate of New York University with a Masters degree 
in Industrial Engineering. He is a charter member of the New York 
chapter of A I I E and has served as President of that organization. 
He is currently active both in Chapter and National affairs of the 
AITE. 


From 1946 to 1949 he was Supervisor of Production and Planning 
for International Division of T. W. A. 1951-1956 he was a Project Engi- 
neer Research and Development for American Rosch Arma Corporation, 
Garden City, Long Island, New York. 1956-1957 Senior Industrial 
Engineer, Merck & Co., Inc. and has been in his present position as 
Manager of Research Services since 1957. 
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RESEARCH LABORATORIES — A NEW HORIZON FOR 
INDUSTRIAL ENGINEERS 


by HENRY M. OWADEs 


Manager of Research Services, Merck, Sharp & Dohme Research Laboratories 


ITH the American Institute of Industrial Engineers 
embarking on one of its greatest years, it is fitting that 
the theme of this conference be “New Horizons For 
Industrial Engineers’. The Committee for the 11th 
Annual Conference is to be commended for selecting 
this timely theme. It is my pleasure this morning to 
present one of these new horizons to you. I would like 
to talk about the opportunities—no, the absolute need 
for more intensive applications of the principles and 
techniques of industrial engineering to research labora- 
tories. 


To do this, we will discuss: 


a. the enormous potential that exists in research 
laboratories. 

b. some of the applications of industrial engineer- 
ing in the Merck Sharp & Dohme Research 
Laboratories Division. 

c. some of the problems that are as yet left un- 
touched. 


Before we can discuss this potential, let us define 
the terms. For our purposes, a research laboratory is 
an organizational entity of considerable size whose 
primary function it is to discover, design, and-or de- 
velop new products or ideas. This paper is not par- 
ticularly applicable to a research function which is a 
fractional part of a man or a group’s activities. While 
the techniques which will be discussed here have been 
applied primarily in an industrial laboratory, they are 
applicable to university research laboratories, independ- 
ent research groups, or governmental research agencies. 


Industrial research in the United States in 1958 was 
a seven billion dollor business, employing over a half 
a million people in approximately 5,000 laboratories. 
Research expenditures for the larger companies in the 
United States range from approximately 1% to 8% of 
sales. To present another facet of this data, let us look 
at a hypothetical company with sales of $100,000,000. 
Assuming an average expenditure for research of 3%, 
they are spending $3,000,000 per year. Using Fortune 
magazine's average net profit on sales of 5%, they earn 
$5,000,000 after taxes, or approximately $10,000,000 
before taxes and $13,000,000 as their pre-tax, pre 
research profit. Hence this company needs an increase 
in sales of $800,000 for every $100,000 increase in its 
research allocation. Therefore, research is not only a big 
and costly expenditure, its leverage on the total finan- 
cial picture of the company is great. 


From the point of view of manpower, approximately 
half of the 500,000 people employed in industrial re- 
search are scientists and engineers, the other half are 
technicians, service personnel, and administrative 
staffs. Either of these groups contains a population 
large enough to warrant an Industrial Engineering 
analysis. 


There is one additional parameter of a research ac- 
tivity which is often of more importance than the 
financial potential—and that is the time factor. Most 
research is conducted against a time deadline. In in- 
dustrial research there is an intense, competitive race 
against time to market a new product before your com- 
petitor does. In some industries, the difference of sev- 
eral days can make the difference of many millions of 
dollars of sales or the long range capture of a major 
portion of the market. In military research it is un- 
necessary for me to repeat what has already been said 
many times over concerning the importance of time. 
The potentialities for industrial engineers to save time 
for the research scientist and engineers are perhaps 
greater than the potential for financial savings. This 
will be illustrated in our next point. 


And that point is some examples of Industrial Engi- 
neering as applied in my own company—the Merck 
Sharp & Dohme Research Laboratories Division of 
Merck & Co., Inc. A standard question which is almost 
always presented in discussions such as this, is, “How 
did you get started?” or “How did you sell your man- 
agement on using industrial engineers in the research 
laboratories?” This is indeed a fair question, and I 
think it is important for me to answer it at this time. 
In order to answer it I must give you a brief picture 
of my company, with particular emphasis upon the 
industrial engineering functions within the company. 


Merck & Company is the parent organization of four 
operating divisions. They are: 

1. the international Division, which handles the 

sale of our products outside the United States. 

2. the Merck Chemical Division, which manu- 

factures and sells bulk chemicals. 

3. the Merck Sharp & Dohme Division, which 
formulates and packages pharmaceuticals and 
biologicals. 

. the fourth is the Research Laboratories Divi- 
sion, which is the central Research arm of the 
company. 


> 


The Research Division is physically located at two 
locations and is a “tenant” at each location. In Rahway, 
New Jersey it is a tenant of the Chemical Division; 
and at West Point, Pennsylvania a tenant of the Merck 
Sharp and Dohme Division. We, therefore, “buy” cer- 
tain services from our “landlord”; amongst these is 
engineering services. Within the engineering depart- 
ment of the Chemical Division there is an industrial 
engineering group. 


The philosophy of this group is to hire, train, and 
then transfer their engineers to operating positions in 
the company. If you reflect for a minute, you will see 
the wisdom of this philosophy. A department head who 
is trained and oriented as an Industrial Engineer can 








recognize or forestall problems more readily than a 
non-Industrial Engineer. Much of the time ordinarily 
spent in “selling” a manager on the need for an In- 
dustrial Engineering study is usually saved. It is more 
common under these conditions for the department 
manager to request the study on his own. Knowing the 
techniques, he has confidence in the results. And being 
responsible for the operation of the department, he will 
implement the recommendations. 


This is how we “sold” our management on using 
Industrial Engineering in the laboratories. They weren't 
sold the techniques, they merely hired an Industrial 
Engineer to run a department. That engineer is your 
speaker. I would like to add at this point, that the 
senior Industrial Engineer whose staff performed the 
studies and who shares significantly in these accom- 
plishments is John P. Fitzgerald. Mr. Fitzgerald was 
recently appointed Assistant Traffic Manager of the 
Chemical Division, 2nd | fully expect that we will soon 
be hearing about another new horizon. 


My department is responsible for a wide variety of 
non-technical services rendered to the research scien- 
tists. The group selected for the study was the labora- 
tory servicemen. This is a group of 25 hourly em- 
ployees who clean the laboratories, wash the glassware, 
deliver supplies to the scientists, and perform other re- 
lated and miscellaneous tasks. This was the first group 
selected for a set of definite reasons. 


(1) Of the sections in my department, this group 
has the closest contact with the scientific staff. 
If changes could be made in any group, this one 
would have the most immediate payback in 
terms of improved service. 

(2) The scientific staff had expressed their general 
dissatisfaction with the level of service this 
group was offering. 

(3) Improvements in this group would produce the 
most dramatic impact on the scientific staff and 
improve considerably the opportunities for ad- 
ditional industrial engineering studies. 


We followed the standard textbook approach in 
making the study. We decided upon a work sampling 
study to determine the facts. The Union officials were 
called in before the study was announced. They were 
told what the study was all about; the purpose of the 
study; the techniques to be employed; and they were 
given a brief explanation of the techniques of work 
sampling. After this, the servicemen themselves were 
called in and given essentially the same run-down. They 
were introduced to the staff industrial engineer who 
would be making the study and were given an ample 
opportunity to ask questions and to grind any axes 
publicly, which they would otherwise do privately. The 
facts collected from this study pointed the direction 
for our future work. The facts indicated essentially 
the following: ' 


(1) 30% of the servicemen’s time was spent in 
handling glassware. 

(2) 25% of the servicemen’s time was spent in 
running errands of all sorts for the scientists. 

(3) 20% was spent in rendering miscellaneous 
laboratory services (cleaning, setting up, etc.). 


The balance of their time was spent in allowable 
personal time, non-allowable personal time, and un- 
accounted for time. 


The information obtained from the study enabled 
us to divide the project into three separate and distinct 
phases. The first phase covered the delivery of supplies 
to the scientists. The Research Laboratories are spread 
over a wide area; specifically, they occupy seven build- 
ings and a total of fourteen levels within these build- 
ings. The stockroom is located in one of the buildings 
and services the entire research area. Concurrent with 
the work sampling study made of the laboratory service- 
men, a second study was made of the stockroom. This 
study showed us that approximately 80 scientists per 
day were coming to the stockroom for their own sup- 
plies. At an average of 15 minutes per trip, this is the 
equivalent of two full-time scientists acting as errand 
boys. This pointed to the need for re-organizing the 
delivery of supplies, and this is what we did: 

(1) We re-assigned three lab servicemen and made 

them full time delivery men. 

(2) We had specially designed hand-trucks and tote 

bins made to carry the supplies. 

(3) We installed an answering device on the tele- 

phone in the stockroom. 

(4) We re-designed the stockroom to fit the new 

method of operation. 

(5) Before any of this was done, we held a meeting 

with the scientific staff to discuss their needs 
and how this change would meet them. 


The delivery system operates this way. The labora- 
tory phones their order into the stockroom. The in- 
formation is written down (it is first put on the wire- 
recorder of the answering service if the clerk is occu- 
pied elsewhere). The requested material is placed in 
tote boxes and transported to the laboratory by one of 
the delivery men. 


This has been in effect almost two years. We have 
been handling 70 calls a day, more than 75% of which 
are completed within 144 hours. A recent survey in- 
dicated we now have less than ten scientists a day visit- 
ing the stockroom. 


In addition to merely saving manpower, we have 
enabled the laboratory personnel to do some advance 
planning on their material requirements. We have re- 
ceived many calls asking that certain supplies be avail- 
able in a particular laboratory several days hence. 


The objectives we set for ourselves at the outset of 
this first phase were met completely. The response 
from the scientific staff was heartening and it establish- 
ed the needed “acceptance” for the rest of our program. 


Here is a partial list of the additional improvements 
made: 


(1) By re-designing the stockroom, we not only 
prowided the division with an efficient stock- 
room, we increased the utilization of the stock- 
room personnel, and were able to convert 600 
sq. ft. into a laboratory. At going prices this 
represented a savings of $30,000 and provided 
space of a laboratory that was urgently needed 
for a new research program. 


(2) Automatic glassware washing equipment was 
installed that improved the quality and the 
speed of this service. Incidentally, here too we 
made additional space available which has since 
been converted into a laboratory. 

(3) We have worked with the scientists in the de- 
sign of several new laboratories. I will have 
more to say on this later on. 


neighborhood of $100,000 per year. Lest you misunder- 
stand this, this is not exclusively his salary. This in- 
cludes the salary of the technicians, the junior scientist, 
the supplies, the physical facilities, and the administra- 
tive staffs necessary to service a senior scientist. The 
hypothetical company we mentioned earlier must in- 
crease its sales by $800,000 to break-even when they 
add a senior investigator. I make this point again not 


Having discussed briefly some of the very simple to frighten you-=I merely want to point out thet when 


problems which were improved by using some tradi- 
tional techniques of industrial engineering, I would like 
to touch upon some additional ones which need our 
help. 

(1) The entire area of the physical facilities which 
the scientist works with has been largely neg- 
lected. For example, his laboratory work place 
is not designed properly. It does not provide 
for flexibility or for adequate use of the cubic 
space of the room. The utilities which are piped 
into his bench are not carefully considered as 
to type, control, or need. They have been tra- 
ditionally considered only from the point of 
view of initial economy of construction. 

(2) The services needed by the researcher needs 

additional analysis. The delineation of what is 
a service and what is research should be clarified 
within each company. Designing these service 
functions so that they are and remain in step 
with the tempo and time of the research pro- 
gram is another major problem for us to con- 
sider. 
Finally, and only for the sake of brevity and 
not because the list is exhausted, the entire area 
of research decision making needs assistance. 
This is being given great scrutiny by many 
people. My own company has such a program 
under way. But this problem is so complex, and 
and the stakes so high, that it can profit from 
addicional analysis. 
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Recent studies made have indicated that the cost of 
servicing a single Ph. D. senior scientist runs in the 
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playing in a poker game where the chips come this 
high, learning some of the rules becomes almost man- 
datory if one is to survive. 


In concluding this paper, I would like to make sev- 
eral points to those of you who may have the oppor- 
tunity to work in a research laboratory. 

(1) The traditional tools of our profession are more 
than ample for many of the jobs that need do- 
ing in a research lab. In the work we have done 
we called upon the techniques of work sam- 
pling, work simplification, and plant layout for 
most of our activities. 

(2) The by-word of an Industrial Engineering pro- 
gram of this type should be “Service Improve- 
ment” rather than “Cost Reduction”. It is often 
difficult to measure quantitatively the dollar 
value of improved service or of research time 
saved. Be careful lest you fall into the trap of 
not implementing a project because you can 
only measure the cost but not the savings. 

(3) The research scientist needs the help of the 
engineer first in establishing specifications and 
then in converting these specifications into 
practical reality. Most people outside the re- 
search laboratory are often prone to discount his 
requirements as being “impractical, long haired,” 
etc. He needs your help to tell these people just 
how realistic these requirements are. 


You can make a significant contribution to your com- 
pany and to our economy if you would seek out the 
opportunity to exploit this new horizon. 
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SOME PROPOSALS FOR A UNIFIED PROGRAM OF 
MANAGEMENT CONTROLS 


by Dr. JOSEPH D. CARRABINO 


Chairman, Production Management Division and Associate Professor of Production 
Management, Graduate School of Business Administration, University of California, 
Los Angeles 


HISTORICAL BACKGROUND OF SCIENTIFIC 


EFORE embarking on a discussion of management 
controls it may be profitable to take a kaleidoscopic 
view of what I like to call the three industrial revolu- 
tions which have set the stage for the current en- 
vironment in which the _ industrial engineering 
profession finds itself. 


FIRST INDUSTRIAL REVOLUTION 
(Mechanization) 


Here we began to substitute machinery for the 
human and animal “brawn” contribution to a produc- 
tion system. Approximate dates quoted by historians 
tor this First Industrial Revolution are: England, about 
1770 and the United States about 1790. The principle 
of specialization of labor was widely adopted as we 
replaced more and more hand work by machinery. The 
invention of machine tools (the “master tools” of in- 
dustry) made possible interchangeable manufacture. 
The developments were all essentral concomitants of 
mass production techniques. 


SECOND INDUSTRIAL REVOLUTION 


This Second Revolution got under way in the United 
States about 1900 under the leadership of Frederick 
W. Taylor who is considered the “father” of the 
scientific management movement. His contributions 
reflected the philosophy of substituting a fact-finding 
approach for rule-of-thumb operation. Essentially, we 
can say that he demonstrated the efficacy of applying 
scientific methodology to the analysis of “man and 
machine” systems whereas prior to this time such 
methodology was applied only to physical systems. Since 
the end of World War II we have seen the develop- 
ment of many new and more sophisticated metho- 
dologies and techniques such as operations research, 
linear programming, game theory, job enlargement, and 


electronic data processing using high-speed digital 
computers. 
The scientific management movement has given 


impetus to the: 

|. Development of emphasis on study of human re- 
lations problems. 

2. Growth of management development programs of 
all types at all managerial levels. 

3. Growth of labor movement and its many programs 
for coping with problems gencrated by the three 
indusirial revolutions. 

4. Growth of a professional “managerial class.” 


THIRD INDUSTRIAL REVOLUTION (Automation) 


During and since the end of World War II we have 
begun to substitute for “brains and sensory 
apparatus” of human beings in production systems. 


' 
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Automation type equipment is characterized by 
servomechanisms which include sensing devices which 
tell when a process is out of control and signal control 
devices to make proper adjustments. The “Detroit 
Type Automation” is different from automation which 
is based on the feedback principle made possible by 
servomechanisms. It is the mechanical linking together 
of conventionally separate manufacturing operations 
so that automatic transfer of parts is achieved. 

The common denominator between all three in- 
dustrial revolutions is that the human contributions to 
the production system is eliminated, reduced, or modi- 
fied. The recent developments of numerically-controlled 
machine tools are especially worthy of note to the in- 
dustrial engineer since they portend radical changes in 
industry which will diminish further the man com- 
ponent in production systems. The industrial engineers 
tool kit for rationalizing and measuring manual effort 
will become less and less useful as this effort is re- 
placed by mechanization and automation type equip- 
ment. Increasingly useful will become the knowledge of 
computer technology and the techniques for conducting 
equipment replacement type studies. 


MANAGERIAL FUNCTIONS OF PLANNING 
AND CONTROL 


The functions of all managers at all levels in all 

enterprises may be defined as follows (1): 

1. Planning — involves the selection, from among 
alternatives, of enterprise objectives, policies, 
procedures, and programs. 

2. Organizing involves the determination and 
enumeration of the activities required to achieve 
enterprise purposes, the grouping of these activities, 
the assignment of them to a subordinate manager 
and the delegation of authority to carry them out, 
and provisions to permit the desired type of coordi- 
natioi among managers and subordinates. 

3. Staffing — comprises those activities which are 
essential in manning, and in keeping manned, the 
executive positions in an enterprise. 

4. Direction — embraces those activities which 
related to guiding and supervising subordinates. 

5. Control includes those activities which are 
designed to compel events to conform to plans. This 
formulation of the concept embraces the idea that 
the planning activities must precede control and 
that plans alone are not self-achieving. The control 
process involves three steps: 
1—The determination of standards—“what should 

be accomplished.” . 
2—The appraisal of performance—"what has been 
accomplished.” 
3—Comparison of the actual performance with 
standards and correction of deviations. 
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A statistical quality control chart is an example of a 
control device whose use embodies the three steps of 
the control process. 


The managerial functions of planning and control 
can be performed more effectively by supplementing 
the limited traditional controller's activities with the 
methodologies and techniques of industrial engineering 
and operations research. At this point I would like to 
review briefly the historical and current positions of 
each of these three fields in business and industry and 
then proceed to a discussion of ways in which their 
contributions may be integrated; thereby achieving 
unified programs of management controls. 


FUNCTIONS OF THE CONTROLLER 


The functions of the controller, as determined from 
a study of a number of company organization manuals, 
job descriptions, and interviews, are summarized 
(American Management Association Research Report 
No. 20) by Dale (2) as follows: 

1. Providing basic information for managerial con- 
trol through formulation of accounting and costing 
policies, standards and procedures, preparation cf 
financial statements, and maintenance of books 
of account; direction of internal auditing and 
cost controls. 

. Budgeting and control of operations and results. 
. Specific control activities. 

a. General accounts, primary and _ subsidiary 
accounts; devising checks on the company’s 
finances and safeguarding its assets; checking 
invoices, accounts receivable and payable; 
controlling cash payments and receipts, payroll 
accounts, fringe benefits, plant and equipment 
records; cost accounting activities of the various 
management functions. 

b. Preparation and interpretation of regular finan- 
cial reports and statements. 

c. Inventory control. 

d. Statistics, 

e. Taxes. 

4. Internal audits. 

5. Interpretation of control data. 

Historically, the controller has been the chief 
accounting officer of a company. He has concerned 
himself primarily with statistical and financial data 
and the emphasis has been on the reporting of historical 
information. When looked at from the modern con- 
cept of control, the name controller appears to be a 
misnomer since in fact only part of the control pro- 
cess has been performed. There is very little in the 
educational background of accountants which would 
prepare them to perform measurement activities and 
in my opinion measurement is the essence of the con- 
trol process. If this is so, then it is obvious that an 
engineering education is excellent preparation for the 
performance of the control process. 

From the viewpoint of the managerial function of 
planning it is difficult to see how the controller's 
function as currently practiced could make more than 
trivial contributions. The simple methodologies and 
equally simple techniques comprising the tool kit of 
the controller could hardly cope with the complexities 
presented by analyses requisite to the “selection from 
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among alternatives of objectives, policies, procedure 
and programs.” 


FUNCTIONS OF INDUSTRIAL ENGINEERING 


In 1955 the Iristitute of Industrial 
Engineers adopted following definition of 
industrial engineering: 

“Industrial Engineering is concerned with the design, 
improvement and installation of integrated systems 
of men, materials and equipment; drawing upon 
specialized knowledge and skill in the mathemati- 
cal, physical, and social sciences together with 
the principles and methods of engineering analysis 
and design, to specify, predict and evaluate the 
results to be obtained from such systems.” 

This is a masterfully worded definition so generic 
in mature that it appears to subsume all fields of 
engineering. This elevation of industrial engineering 
in the engineering hierarchy from a peripheral status 
to a sovereign one can hardly be accomplished via 
the semantic route. Starting with the works of Frederick 
W. Taylor the industrial engineering profession has 
been intimately associated with manufacturing activities. 
The techniques of metntods improvment, work measure- 
ment, wage incentives, and plant layout have been the 
most prominent ones. Unfortunately, this is still the 
majority situation in American industry and this is the 
connotation which the word industrial engneering still 
has not only among laymen but also among business- 
men and academicians. 

Historically and currently cost reduction and cost 
control programs in industry have been focused on 
the manufacturing function. Industrial engineers with 
some help from accountants have been called on to 
provide the know-how to perform the three steps of 
the control process in manufacturing. This partial and 
sub-optimization approach to cost control is still the 
vogue today as seen in recent announcements of cost 
reduction training programs conducted by such elite 
organizations as the American Management Association. 

Industrial engineering has been called on to help 
in performing the managerial function of planning 
to very limited extents. Perhaps it may be argued by 
way of excuse that this is the most neglected of all 
managerial functions and that the fault lies with 
management. On the other hand it may be argued that 
management usually ,adopts methods when they are 
available and their efficacy has been demonstrated. 
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On examination of the situation with regard to 
the planning and control of operations in the other 
functional areas of management such as_ research, 
engineering, and marketing reveals a distressing picture. 
Management has only in rare instances called on in- 
dustrial engineers to exercise their skills in these areas. 
Tremendous opportunities for cost reduction and con- 
trol exist in these areas, particularly in government 
financed industries such as aircraft and missile where, 
for example, underutilization of engineers is mistaken 
for a shortage of engineers. The problem of measure- 
ment is indeed difficult in these non-manufacturing 
areas but many industrial engineering techniques such 
as work sampling could be adapted to replace the 
present informal controls with measurement-based 
controls. 





Industrial engineering applications in non-manu- 
facturing fields have been numerous in post-war years 
but we must not overlook the fact that the techniques 
used have been fairly elementary. 

Futher comments on industrial engineering will be 
reserved for a later section where | strongly urge that 
the American Institute of Industrial Engineers give 
immediate consideration to changing its name to one 
which is in greater consonance with the aforementioned 
official definition of industrial engineering and with 
the emerging broad field of applied management 
science. 


FUNCTIONS OF OPERATIONS 


In April 1951, the Committee on Operations Re- 
search of the National Research Council published a 
brochure entitled “Operations Research with Special 
Reference to Non-Military Applications” with the 
object of acquainting American management with 
what was then a new management tool. At that time, 
operations research, as an organized activity under that 
name, was already more than ten years old and had 
amassed a distinguished record of accomplishment for 
the military, both British and American, in World 
War Il—and was adding to its record of military 
accomplishment in Korea. This and subsequent events 
have had a “sputnik like” effect on the industrial 
engineering profession. 

Ellis Johnson claims (3) that the most important 
characteristics of operations research are: 

1. Research on the operations of the whole organi- 

zation. 

2. Optimization of operations in a manner that 
brings about greater assurance of both short and 
long range health for the organization. 

3. Application of the’ newest scientific methods and 
techniques. 

4. Synthesis and extension of the methods and 
techniques of the older management sciences. 

5. Development and use of analytical models in 
the manner common to the basic sciences. 

6. Design and use of experimental operations that 
that give an insight into the behavior of actual 


operations. 

7. Use of integrated and creative multi-disciplinary 
team research to solve complex operational 
problems. 


It seems that the aforementioned AIIE definition of 
industrial engineering subsumes also these characteris-- 
tics of operations research. An examination of the 
literature of operations research and_ industrial 
engineering reveals many similarities. The Institute 
of Management Sciences is another organized group 
whose objectives “to identify, extend, and unify 
scientific knowledge that contributes to the under- 
standing and practice of management” appear to 
parallel those of the AIIE and the Operations Research 
Society of America. 

The dividing line which I see forming gradually 
between these three groups is that ORSA and TIMS 
are concentrating on more fundamental mathemati- 
cally oriented management sciences, whereas AIIE 
efforts (at the best level) are concentrated on applied 
management sciences or management engineering. This 
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dividing line is analagous to that between physics and 
chemistry with engineering. This appears to be a proper 
division of labor between these egroups. 


UNIFIED PROGRAM OF MANAGEMENT 


It should be obvious by now that a unification of 
the meeasurement-oriented elements of the controllers 
function, industrial engineering, and operations re- 
search is desirable since all three groups purport to 
have similar philosphies and objectives. I believe that 
we can accelerate this unification by combining the 
measurement-oriented elements of these three fields 
into a new field which I shall for the moment call 
management engineering. In other words: 


Controllership Function + Industrial Engineering 
+ Operations Research = Management Engineering. 


I propose setting up a separate management 
engineering group for each functional area of manage- 
ment, i.e., research, engineering manufacturing, and 
marketing. 1 propose a separate management engineer- 
ing group at the general management level. This central 
unit would be responsible for coordinating and 
integrating the efforts of each of the functional area 
units. 

The management systems in each of the functional 
areas and at the general management levels have 
characteristics sufficiently different as to warrant the 
use of specialized management engineering groups. 
The need at the general management level is particu- 
larly critical with the rapid development of new 
technologies which are making possible the rapid 
processing of large amounts of information and the 
simulation of management decision making processes 
by means of high-speed computers. More and more 
articles (4) and (5) in the recent literature discuss 
this critical need. 


PROPOSED CHANGE IN NAME IN AMERICAN 
INSTITUTE OF INDUSTRIAL ENGINEERS 


I strongly urge that the AIIE give immediate con- 
sideration to changing its name to one which is in 
greater consonance with the emerging broad field of 
applied management sciences. Since the word manage- 
ment sciences is becoming widely associated with work 
related to the development of fundamental analytical 
tools and methodologies it would seem logical to usc 
the name management engineering to describe the 
work related to the application of these fundamental 
tools and methodologies to management systems. The 
present image of industrial engineering held by people 
outside the profession (also within) is not consonant 
with the image created by the official definition by the 
AIJE. The very best current practice and certainly the 
majority practice of the future merit a break with many 
past practices which could hardly be classified pro- 
fessional activities. In fact, if present trends are 
allowed to continue people called industrial engineers 
will be thought of and used as technician — like 
assistants to the “professional” operations researchers 
and management scientists. 

The present (mostly simple) and future (we hope 
sophisticated) applications of industrial engineering 
to non-manufacturing areas warrant a break with the 





restrictive word “industrial” with all its manufacturing 
connotations and the ever present ugly image of the 
time study man. 

Many other arguments could be presented for a 
change in name for the AIIE but I shall reserve such 
arguments for treatment in a separate article. 


TRENDS IN UNIVERSITY SCHOOLS OF 
ENGINEERING AND BUSINESS 
ADMINISTRATION 


Traditionally University Schools of Business Admini- 
stration have been “dumping off” points for Engineer- 
ing Schools, veritable descriptive havens from the 
quantification rigors of engineering. However, the 
picture has been changing rapidly, at least in the best 
of the business administration schools. References (6) 
and (7) are recent studies which have put a strong 
spotlight on business administration programs and 
which have already had many salutary effects. Business 
administration schools are rapidly taking on the 
characteristics of engineerimg schools with the increas- 
ing introduction of quantitative methods in the 
curriculum. They are in the lead with respect to the 
consideration of behavorial sciences. “Maverick-like” 
faculties include mathematicians, psychologists, socio- 
logists, engineers, etc. The domination of the 
economists and accountants is coming to an end. 

I predict that in the future more and more engineer- 
ing schools will drop out of the management business. 
The line which I see drawing sharper each day is one 
where engineering schools will concentrate and 
specialize on physical systems and business administra- 
tion schools will take over the study of man and ma- 
chine systems. The environment in industrial engineer- 
ing departments of engineering schools appears to be 
too limited to considerations of manufacturing operat- 
ing systems, processes, materials, tooling, etc. A broad 
consideration of the managerial decision making process 
must be made in a complete environment which in- 
cludes all the functional areas of managements, partic- 
ularly marketing and finance. It is difficult to see 





how such factors as strong prejudices and the marginal 
status of industrial engineering in engineering schools 
can be corrected in the face of competition for re- 
sources from the important and glamorous nuclear and 
space programs. 

In my opinion the future source of broadly educated 
manpower for the management engineering profession 
will come from business administration schools. These 
schools will play an increasingly important role in 
management education while that of engineering 
schools will continue to be a minor one. These trends 
provide another powerful reason why the AIIE should 
re-evaluate its position and consider seriously a change 
in name. 
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section 4 


TOTAL SYSTEM CONCEPT — BELL HELICOPTER 


by THOMAS C. FISHER 
Manager 


DATA PROCESSING 
BELL HELICOPTER CORP. 


Having graduated from United States Marine Academy, Mr. Fisher 
served as a Destroyer Engineering Officer during World War II. After 
the war, he continued his education by doing post graduate work at 
the University of California. 


He has a wide business and engineering background, having held such 
positions as Industrial Engineer with Bethlehem Steel, Assistant 
Production Manager with the Axelson Manufacturing Corporation, 
Washington Military Representative of the Northrop Aircraft Corpora- 
tion and as a Regional Stall member of the I. B. M. Corporation. 
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. MATERIAL CATALOG 


A. Catalog Arrangement 

The Material Code Catalog system is designed to 
provide a uniform method of identifying and cat- 
aloguing all of the materials required for produc- 
tion of helicopters as well as all other materials 
commonly in use at Bell Helicopter Corporation. 
Catalogs containing materials which enter into the 
end product are maintained by Engineering in the 
following catalogs: 

1. Metallic Catalog 

2. Non-Metallic Catalog 

3. Standards Catalog 

4. Vendor Catalog 

Catalogs containing materials for supporting operat- 
ions are maintained by the department which 
normally monitors the requirements for this type 
of material, as follows: 

5. Factory Supplies Catalog 

6. Perishable Tools Catalog 





7. Office Supplies and Forms Catalog 
8. Maintenance and Repair Catalog 


. Catalog Usage 


1. Define production requirements for materials 
in parts material file. 

2. Specify production requirements on production 
work order and material requisition. 

3. Procurement System - Used on purchase requisi- 
tions, purchase orders, receivers, and purchasing 
reports. 

4. Warehousing - Code and description on ware- 
house bins for identification. 

5. Accounting Systems - Accounts Payable to dis- 
tribute charges and formulate commitment reports; 
also inventory records for perpetual and physical 
inventories. 

6. Cost Estimates Evaluation and 
material cost files to ship build-up files. 
7. Government Reports - Defense Material Systems 
reports and others as required. 
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ll. CONTRACT REQUIREMENTS FILE 
A. Contract File Content 
The purpose of the Contract Requirement File is to 


The basic information recorded is: 
5. Requirement Date (company schedule) 
6. Dollar Value 
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lll. ENGINEERING RELEASE 
A. Flow 


The Engineering Assembly Parts List provides an 
up-to-date record reflecting the quantity and usage 
of parts, material and assemblies going directly into 
assemblies for each ship as defined by Engineering. 
The timely updating of the records is accomplished 
by flowing the original engineering document 
through the Data Release Group prior to engineer- 


Subcontract decisions are provided daily by part- 
time representation from the head of the Man- 
ufacturing Board. 

By providing data processing services to update 
files on a 24-hour basis, the latest engineering in- 
formation is available for distribution concurrent 
with the release of the engineering documents. The 
information is distributed through the use of two- 
part forms for the master file maintained in Data 





Release and distribution copies printed from multi- 
lith masters. 


C. Usage 
These same basic files maintained in Data Process- 
ing serve as source data for the following types 


ing release. Capturing the basic engineering data 
at this point adds 24 hours to the engineering 
release cycle. 

B. Organization 
To obtain consideration by all the departments 
affected by a new release, the Data Release Group 


has been staffed with personnel from the Production of seports: 

Control, Production Planning and Spares Depart- 

ments. This arrangement is unique in organization, 1. Engineering Assembly Parts List 

as the people remain a part of their original depart- 2. Engineering Bill of Material 

ment and represent that department's requirements, 3. Provisioning Parts for Military Spares 
but function as a group under the direction of the 4. Illustrated Parts Catalog 
administrative head of the Data Release Group. 5. Engineering Drawing Status Report 
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IV. MANUFACTURING BILL OF MATERIAL 

A. Flow 
The Manufacturing Assembly Parts List is a record 
of the planned manufacturing build-up of the end 
product. It incorporates all changes between origin- 
al engineering and manufacturing planning. 
The Manufacturing Assembly Parts List is usually 
initiated simply by reproducing the Engineering 
Assembly Parts List into the Manufacturing Assem- 
bly Parts List file. The data is coded to indicate 
engineering only - not planning. This provides for 
incorporation of engineering release information 
into the Manufacturing Assembly Parts List file at 
the earliest possible date. As soon as Manufacturing 
Planning is completed on an item, it is reviewed 
by the Data Release Group. The Manufacturing 
Assembly Parts List file is updated to reflect the 
planned manufacturing sequence. Coding indicates 
the change from engineering to planning status. 

B. Decision Data 
Decision data which is coded into the Manufactur- 


ing Assembly Parts List contributes much to sub- 

sequent programs. The following is a cross-section 

of this decision data: 

1. Source code (S/K/N) - Indicates where used 
a. Normal Production Part - effective on ships 
and spares 
b. Spares Only Assembly - effective on spares 
onl 

2. Type of Part Code (Type Part) - Indicates 

length of manufacturing flow time required. 

a. Assembly - sheet metal, machined, bonded 
b. Detail - sheet metal, machined, electrical 

3. Make or Buy (M/B) - Indicates subcontract 
a. Make detail - raw material requirement 
Buy, vendor furnish material 

4. Item and Indenture - The schedule relationship 
between parts completion and completion of the 
end product. 

C. Usage 
A computer program uses this file as one of its 
principle sources of data in computing these re- 
quirements for parts and materials. 
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V. MANUFACTURING PLANNING 


A. Parts-Material Requirements 

The Parts-Material Requirements File provides an 
up-to-date record of the material description and 
quantity required to make a company designed 
part. The file originates from the Engineering de- 
scription of the Bill of Material. Both material 
descriptions and quantity required are later refined 
to meet production planning requirements. 

The Parts-Material Requirements record is created 
at the same time that the original Engineering 
document is reviewed by the Data Release Group 
for Engineering Assembly Parts List information. 
At this time the material description is matched 
against the Material Code Catalog, and the material 
code number and unit of measure is applied to the 
part number. Manufacturing Data Release reviews 
the latest manufacturing planning and revises the 
Parts-Material Requirements to reflect the planned 
material requirements. 

The Parts-Material Requirements File is used as 
input data for the computer program for raw 


material requirements. It also provides a media 
for compiling the contractual Bill of Material for 
the Military and for arriving at other statistical in- 
formation relating to materials. 


. Parts-Tool Requirements 


The Parts-Tool Requirement List provides a meth- 
od by which a family of tools can be directly re- 
lated to the part or parts on which they are used. 
The Data Release Group sets up this file in con- 
junction with the review of manufacturing planning 
which is performed to update the Manufacturing 
Assembly Parts List. All tools, made or subcon- 
tracted, are recorded to reflect their relationship to 
the planned manufacturing sequence. 

The Parts-Tool Requirements File used with the 
Tooling Order Location File will reflect the location 
of those tools used to produce parts that have been 
cancelled or stopped by Engineering. The family of 
tools, that is to be delivered to a vendor because 
of a switch in the make or buy status of the parts, 
can be identified, located and expedited in a short 
period of time. 
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Vi. TOOL CONTROL 
A. Tool Control Objective 


The prime objective is to provide current inform- 
ation concerning the status of tools in process as 
well as historical information on tools completed. 


B. Reporting and Control System 


The basis for all reports is a Master Tool File. This 
file is established from a copy of the tooling order 
authorizing the tool. As labor cards are received 
daily, Data Processing updates the master file to 
teflect total hours expended. 

Regular reports are prepared weekly to provide 
the following information: 

1. Work-in-process - Hours expended to date com- 
pared to estimated standard 

2. Completions - Total hours and comparison of 


actual to schedule completion date 

3. Exemptions 
a. Inactive - No labor charge in past 20 days 
or 20 days since release with no activity 
b. Mis-Charges - Usually indicating errors in 
recording time charged to work 


C. Usage 


Experience has shown the Work-in Process Report 
to be quite valuable as a tool in shop loading and in 
forecasting tool completion dates. Completion Re- 
ports provide historical data which is utilized in 
making future estimates of tool costs and schedules. 
The over-all knowledge gained from these timely 
and accurate reports allows greater confidence to be 
placed in planning for the usage of the completed 
tools. 
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Vil. PRODUCTION CONTROL AND MATERIAL 
CONTROL 


A. Production Control 


The objective of Production Control is to schedule 
and release the parts required to manufacture the 
end product. This is accomplished through the 
continuous comparison between planned and actual 
results. 

The Gross Requirements computer program, de- 
veloped through the use of the Contract and Spares 
Data and the Manufacturing Assembly Parts List, 
computes and schedules the planned requirements 
by part number. The actual results, Cumulative 
Completes (completed parts) and Order Location 
file (work-in-process), compared and subtracted 
from the planned Gross Requirements produce the 
scheduled Balance Required by part number. 

The program as outlined on the master chart will 
be incorporated at a later date. Standard times are 
not now available and as a result certain interim 
procedures have been set into motion, substituting 
the Order Location File for an actual location file 
based upon move-tickets and average manufactur- 
ing flow times for detail schedules. 





Production Control will be ettective in proportion 
to the accuracy of observation of every definite 
step in the series of changes that affect parts and 
material as to quantity, quality and schedule. 


B. Material Control 


The purpose of Material Control is to provide the 
required quantity and quality of material at the 
required time and place with the minimum feasible 
investment. 

The Balance Required by part number is converted 
to material codes through the use of the Parts- 
Material Requirement File. The quantity. of parts 
is converted to amount of material which is factored 
for scrap and material loss allowances. This results 
in the scheduled Raw Material Requirements by 
material code. The Raw Material Requirements, 
minus the Inventory coverage and Purchase Order 
Commitments, are the scheduled Material Shortages 
by material code. 

The functions of Material Control are determining 
probable material requirements, securing an ad- 
equate supply on time, recording all stores trans- 
actions on suitable records and furnishing the data 
for cost and financial accounting. 
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Vill. GROSS REQUIREMENTS 


A. Source Data 
Gross Requirements is a system that coordinates 
the Manufacturing Assembly Parts List, the Con- 
tract and Spares obligations, Item and Indenture 
data and the scheduling factor (Time Period Table) 
into a computer routine that produces as output the 
scheduled gross requirement of parts and assemblies. 
B. Functions of Computer Program 
1. The ship contract cards are stored in the com- 
puter and the spares assembly requirements are 
merged in front of their respective assembly 
breakdowns in the Manufacturing Assembly 
Parts List. 


. Item and Indenture and Time Period data are 
stored in the computer. 

. As the first parts card is read into the com- 
puter, a table look-up is performed to find the 
applicable contract to get the quantity and M-day 
delivery of that ship. The quantity in the parts 
card is extended by the contract quantity. Using 
the item and indenture of the parts card, a 
table look-up is performed to determine the 


number of days required for setback, which is 
subtracted from the ship’s delivery date. This 
net M-day is used to perform another table look- 
up to find the applicable period in the Time 
Period Table and store the quantity required 
in this period. At this point in’ the program, a 
test is made for the end of thhe parts efficiency. 
If the efficiency continues, this procedure is re- 
peated as many times as needed until it is de- 
termined that this part is no longer effective. 
A requirement card is punched into the gross 
requirements format, spreading the quantities by 
period, and punching codes for the following: 
type of part, raw material requirement, spares 
or ship requirement and make or buy. At the 
end of this loop, another parts card is read. 
This will continue until the complete Manufact- 
uring Assembly Parts List has been passed 
through the computer. 
C. Usage 

Gross Requirements is performed to establish the 

basic data for continuous comparison between the 

planned and the actual results. 
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IX. NET-PARTS REQUIREMENTS 
A. Source Data 


Net-Parts Requirements consist of the source data 

required to fulfill the necessary and continuous 

comparison between the planned and actual results. 

The data is comprised of the Cumulative Completes 

file and the Order Location file. Both files are based 

upon information derived from shop travelers. 

1. Traveler - A shop traveler is the authorization 
to commence production. The traveler furnishes 
basic information such as part number, traveler 
serial number, work order, quantity and sched- 
uled release and completion dates. 

2. Cumulative Completes - The Cumulative Com- 
pletes file is set up to capture the total completed 
parts by part number through the recording 
of completed travelers. This is accomplished by 
routing the completed traveler through Data 
Processing where the pertinent information is 
punched into tab cards. The means of measuring 
contract progress, reducing shop load, establishing 
parts cost and Balance Required are available 





through various techniques applied to this file. 

3. Order Location - The Order Location file has 
in it a card for every type of shop traveler 
(production, rework, inspection and split) that 
is in process. The quantities in these cards are 
updated daily by sctap notices, split travelers, 
lost parts requisitions and material disposition 
reports. The location of the travelers is con- 
stantly changing and this action is reflected by 
last reported labor. A review of this file would 
reflect the latest location and status of each 
traveler in the shop. 


B. Usage 


When preparations are complete and engineering 
standard times are available, the Order Location 
File will be the primary means used to establish 
an accurate Shop Load Report. 
The Cumulative Completes and Order Location 
files are maintained daily to provide the current 
status of parts and travelers. This information 
being readily available provides management with 
last reported labor. A review of this file would 
decisions. 
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X. BALANCE REQUIRED 
A. Source Data 


Balance Required is the system developed to 

measure the actual status of part requirements 

against theeplanned part requirements to arrive at 

the balance of parts required to meet the con- 

tractual obligations. The data necessary to fulfill 

this system follows: 

1. Gross Requirements - Planned requirements by 
part number 

2. Cumulative Completes - Actual completions by 
part number 

3. Order Location - Actual status of in-process 
travelers by part number 

The Gross Requirements is merged with the Cum- 

ulative Completes and Order Location Files by part 

number. 


B. Functions of Computer Program 


1. Completed parts are subtracted from Gross Re- 
quirements, period by period, beginning with the 
behind schedule requirement. 

2. In-process parts are subtracted from the balance 


of Gross Requirements, period by period, be- 
ginning with the first period having a require- 
ment not fulfilled by completed parts. 

3. A Balance Required card is punched, reflecting 
the balance of parts, by period, yet to be man- 
ufactured. 

4. Stock shortage notices are punched if sufficient 
parts have not been completed to meet the 
requirement in the behind schedule period. 

5. Traveler expedite notices are punched as a result 
of stock shortage, recommending the traveler 
with the least amount of work remaining to 
finish the parts. 

6. Excess stock notices are punched as a result of 
completed parts and work-in-process being over 
the contract requirements. 

7. Traveler stop notices are punched as a result of 
excess stock. 


. Usage 


The Balance Required data is readily put to use in 
Production Control, Dispatching, the Production 
Office and at the Warehouse to establish more 
effective controls over part requirements. 
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Xl. RAW MATERIAL REQUIREMENTS 


A. Source Data 


The purpose of the Raw Material Requirements 

System is to convert part number requirements to 

raw material requirements, thereby providing the 

basic data needed to enable Material Control to 

furnish the required quantity and quality of ma- 

terial at the required time. 

1. Balance Required - Balance of planned re- 
quirements by part number 

2. Parts-Material Requirements - 
by part number 


Material data 


B. Function of Computer Program 


The computer routine is programmed to convert part 
numbers to material codes, compute the amount of 





material required, factor the amount of material 
by the scrap and material loss allowance, adjust the 
schedule by the average manufacturing flow times 
thereby reflecting the actual material requirement 
date and to punch the raw material requirement 
card. The average manufacturing flow times result 
from the Type of Part coding used in the Manu- 
facturing Assembly Parts List and carried through 
for just this action. 


C. Usage 


The Raw Material Requirements System defines the 
material requirements yet to be fulfilled from in- 
ventory. These material requirements will proceed 
through the Material Shortage System as the planned 
requirements needed to establish material shortages. 
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Xll. PURCHASE ORDER COMMITMENT 
A. Purpose of Commitment File 


The Purchase Order Commitment File contains all 
of the necessary data to completely describe the 
company’s outstanding obligations in regard to 
purchased items that are on order. 


O 


. File Maintenance 


The files are updated daily, providing for inform- 
ation in the file concurrent with the issue of the 
purchase order to the vendor. The file is relieved 
daily upon receipt of a copy ‘of the receiving report 
Information on the receiving document is also used 


B. File Contents to update the inventory files. 
. Commitment File Usage 
The prime usage of the Purchase Order Commit- 
ment file is to fulfill control requirements for 
Material and Accounting Departments. 
1. Material Control 
a. Highlight actual delinquent receipt of ma- 
terials 
b. Highlight potential schedule delinquents 
c. Internal Procurement reports by buyer, etc. 
. Accounting Control 
a. Forecast of cash requirements by periods 
b. Budgets by work order (contract ) 
c. Internal financial control 


All of the information for the commitment file 

is extracted directly from a single source document, 

a copy of the purchase order. The file contains: 

1. Purchase Order and Buyer Number 

2. Vendor Identification 

3. Description of purchased item including material 
code 

. Quantity, Unit Cost and Extended Value 

. Due Date for purchased items 


and Work Order 


non Vs 


Identification to Account 


(Contract ) 
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Xill. MATERIAL SHORTAGES 


A. General Input and Output 





dition, excessive inventories and/or “open” purchase 
ordér quantities must be recognized. To provide 


The Raw Material Requirements Output, Purchase 
Order Commitment and Inventory Files are com- 
bined to establish material shortages. In addition 
to supplying the necessary data for this program, 
the Inventory File fulfills the requirements of the 


Accounting Department. 

In determining material shortages or overages, the 
net material requirements (output from Raw Ma- 
terial Computer Program) is compared to inventory 
and purchase order commitments through a com- 
puter program. 


Program Objectives 

The objective of the program is to advise when 
inventory balance will not meet immediate require- 
ments and/or when inventory plus “open” purchase 


this information, the following output from the 
computer program is required. 

1. Inventory Balance 

2. Inventory Shortage 

3. Purchase Order Commitments - Behind Schedule 
4. Purchase Order Commitments - Excessive Quanti- 

ties 
5. Material Shortages 


C. General Usage of Data 


With the reports generated from this output the 

following action is taken: 

1. Excessive inventory balances screened by Pro- 
duction Control for disposition. 

2. Shortages reviewed for corrective action. 

3. Purchasing reviewed for possible re-schedule of 
delinquent items to meet requirements. 

4. Purchasing review for excessive quantities on 
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XIV. SHIP BUILD-UP 
A. Source Data 


The Ship Build-Up may be defined as a priced 
Bill of Material. 

The Bill of Material is a complete Engineering 
drawing breakdown which is coded to produce a 
“Christmas Tree” type of breakdown. All Engineer- 
ing changes are reflected in the Bill of Material 
as they are released. 

The cost information used in evaluating the Bill 
of Material is obtained as by-products of other Data 
Processing applications. 

The source of the four basic costs are: 


1. Labor for manufactured parts is extracted from 
labor distribution. 

2. Raw material cost is furnished through stores 
requisitions and other inventory activity. 


3. Cost of Subcontracted parts is available through 
Accounts Payable disbursements. 


4. Cost of Standard and Commercial parts is also 
furnished by Accounts Payable data. 


. Computer Program 


Although the Bill of Material consists of 17,000 
parts, a unique computer program “tells the story” 
in two hours. In this time the costs are applied to 
the Bill of Material to produce total value of the 
end item from the smallest component to the finish- 
ed product. 


>. Usage 


The Ship Build-Up program is used for the follow- 

ing: 

1. Measure performance or costs against negotiated 
costs. 

2. Projection from current costs to a basis for 
future proposals. 

3. Price redetermination. 

4. Preparation of spare parts exhibits. 
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section 5 


SOLID ROCKET PRODUCTION — 
A LOOK TO THE FUTURE 


by RAOUL S. DOBYNS 


General Supervisor 


OPERATIONS & METHODS 
NORTH AMERICAN AVIATION, INC. 


Mr. Dobyns received his Bachelor of Industrial Engineering degree in 
1947 from the University of Florida. In 1951 his alma mater awarded 
him the professional degree, Industrial Engineer, in recognition of 
professional accomplishment. 


As Lt. Colonel in the U. S. Air Force Reserve, Mr. Dobyns served in a 
number of assignments since World War II within the Air Materiel 
Command. His last military assignment was as Inspector General of 
the Southern Air Procurement District in Fort Worth, Texas. 


In 1953, Mr. Dobyns joined the Rocket Fuels Division of Phillips 
Petroleum Company. He was appointed Manager of Industrial Engineer- 
ing in 1956. Since the assimilation of that organization into North 
American Aviation, Inc., he has served as General Supervisor of Opera- 
tions & Methods. 


Mr. Dobyns is a registered professional engineer in Texas and Florida. 
He is a director and officer of the Central Texas Section of the 


American Rocket Society. 
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SOLID ROCKET PRODUCTION —A LOOK TO THE FUTURE 


by RAOUL S. DoByNs 


General Supervisor, Operations & Methods; Solid Propulsion Operations, 
Rocketdyne Division, North American Aviation, Inc. 


SPACE TRAVEL AND ITS RELATED CHALLENGE 

HE PAST few years have seen a phenomenal increase 
in the interest and ettort directed toward space travel. 
We read every day of the intense world-wide competi- 
tion to achieve space flight. Surely such a realm of 
man’s activity will have its effect on all of us and may 
indeed see the Sixties as a Challenge to Industrial 
Engineering. In this presentation I would like to define 
for you a problem in a small segment of this large 
scientific and technological endeavor and tell you what 
is being done about it. 


In terms of space travel, the concern of the next ten 
years will center around producing very large, high 
performance rocket motors. These engines, either singly 
or in multiple assemblies will serve to propel manned 
and unmanned missles, both military and scientific to 
the distant reaches of our solar system. In addition, the 
-commercial use of missles will rapidly take shape with 
the development of transports, communication relay 
satellites, etc. 


To keep the future in proper perspective, it is 
important to realize the rate at which the rocket engine 
has become one of the most important propulsion de- 
vices in our current cilivation, ranking with the 
engine-wheel and engine propeller combinations. The 
rocket engine has developed into two major categor- 
ies in the past few years, the liquid and the solid 
motor. Although there are other modes of propulsion 
being added in what seems an endless variety (nucle- 
ar, ion, plasma, etc.), generally they have characteris- 
tics of low thrust and long duration and are not com- 
parable to the two major divisions mentioned. It appears 
then that these two major divisions will be the all 
important ones of the next decade. The challenge we 
face in the Sixties is to learn how to produce both 
the solid and liquid engines in increasing size and 
thrust and at rates that approach mass production. 


For purposes of this paper our discussion will be 
limited to the solid motor category. First, let me point 
out a few differences in these two types of propulsion 
systems. Differences which have a major effect on the 
techniques of mass production. 


Essentially, the liquid engine is a mechanical device 
comprised of a number of pipes, pumps, components 
and controls, but fortunately, no more of a hazard 
on the production line than your automobile. Since all 
fuel and oxidizer can be added just prior to shipment 
(storable liquid types) or at the launch site under 
carefully controlled conditions, the production process 
is not unlike the building of aircraft. The solid motor 
presents a more difficult mass production problem in 
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that it must be manufactured with all of its fuel and 
oxidizer ingredients in place. This casting or placing of 
the composite fuel oxidizer mass into position is the 
major part of the production process. In fact some 
propulsion systems today are not capable of supporting 
themselves structurally until they are so loaded. 


Transporting a rocket motor on the roads and 
railroads across our nation is not a simple procedure. 
The large motors of the future, particularly those em- 
ploying cast solid propellant, probably will require 
construction at the launch site. Clustered engines offer 
some advantages for factory fabrication of relatively 
small units with subsequent assembly at the launch site. 
However, it is important to note that the high reliabil- 
ity promised for the solid rocket motor may soon be 
sacrificed in a system requiring the proper simulta- 
neous firing of a number of clustered units. The con- 
sensus tends to support a single large solid cast unit 


as the first stage solid propellant booster of the future. 
Sheer size and weight, not to mention the hazard of 
transporting a large mass of high energy propellant 
weighing several thousand pounds, seem to be adequate 
arguments for launch-site assembly. 


As a result of the important place the rocket engine 
is to have in our future and because of factors such as 
those I have just reviewed, the solid rocket motor pre- 
sents some production problems which will demand 
the best we can offer in fully automated and highly 
developed process techniques. 


FUTURE REQUIREMENTS FOR SOLID 
PROPELLANT PRODUCTION 


Examination of recent research papers indicates only 
a limited appreciation of the need for a true continu- 
ous production technique in producing large solid fu- 
eled rocket motors. In those few processes which do 
show promise, there remains a great deal of work to be 
done to adapt to automation in the pure sense. Tobe 
classed as “automated,” a production process should lend 
itself inherently to automatic programming and direc- 
tion in additon to expected features of mechanization. 
The majority of production methods currently in use 
for producing large solid propellant engines are based 
on the casting process and are “batch” in nature. As 
a result, they do not lend themselves to automation. 
This reluctance to automate in propellant production 
or more probably this reliance on proven techniques 
of the past may become a serious detriment in meeting 
the challenge previously defined. In the past decade 
solid propellant rocket motors have been quite small 
when compared with those now in development and 
soon to come. A large family of air to ground, air to 





air, ground to ground and ground to air missiles em- 
ploying composit solid propellants has been developed 
to support and increase the firepower of our armed 
forces. The requirement at current levels of produc- 
tion for composite solid propellants established by 
these missiles has been appropriately satisfied by batch 
production techniques. Mixers of 300 to 350 gallons 
capacity, each preparing 3,600 to 4,200 pounds of 
propellant and operating in batteries were quite capable 
of satisfying a production run of missiles requiring 
100 to 200 pounds of propellant each. Even the larger 
missiles, composed of several stages weighing 5,000 
to 10,000 pounds each can be successfully produced in 
quantity by batch methods. However, the solid propel- 
lant requirements of the next ten years cannot be 
measured in such terms. The size of solid engines is 
increasing rapidly. Ten years ago a solid unit weighing 
5,000 pounds was considered on the frontier of develop- 
ment. Today, we are perfecting units of 40,000 pounds 
of solid propellant and are predicting units of 3-1/2 
million pounds by 1970, if we are to see moon land- 
ings and return by that time. The array of machinery 
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of the conventional type (Figure 1) required to meet 
such outputs would require an investment of many 
millions of dollars and the production problems related 
to maintenance and quality assurance would be formi- 
dable. Size alone will dictate a new approach to solid 
rocket production. Currently, units 10 feet in diameter 
and 40 feet long are considered unwieldy to produce 
at one location and transport to the launching site. 
A unit 15 feet in diameter and 66 feet long is pre- 
dicted for the foreseeable future. Such a unit, cast as a 
single stage, would provide about 2 million pounds of 
thrust, enough to launch a manned space station of 
10 or 15 tons to a 1,000 mile altitude. Even the sizes 
are reduced in perspective when compared to some of 
the space giants near the end of the coming decade. 
A solid rocket motor of 10 million pounds thrust would 
measure approximately 20 feet in diameter and over 
100 feet long. Although there are strong arguments for 
a cluster engine of this size, such a unit is entirely 
feasible. It would require fabrication and loading at the 
launch site. Figure 2 suggests how such a procedure 
might be carried out. 
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PRESENT CAPABILITY TO TACKLE THE PROBLEM 


The significance of the foregoing description of 
large solid rocket engines is best understood in terms 
of the pounds of propellant which must be produced 
in the coming ten years reflected against the require- 
ments of the past ten years and our present ability to 
satisfy these production needs. Detailed figures cannot 
be released but are unnecessary to get a grasp of what 
is required. Figure 3 approximates what would be 
required of U.S. production if we are to successfully 
produce large solid rocket engines of the sizes pre- 
viously mentioned. This is only a very rough approxi- 
mation and is contingent on the successful development 
of a number of solid rocket motor projects which I 
have not mentioned. As previously pointed out, it 
appears .the industry is going to to try to satisfy this 
increasing need for propellant production by a quasi- 
automated process. There are various versions currently 
under study but few of them show promise of more than 


mechanization or quite limited automation. In addition 
portability is somewhat neglected because of size and 
number of pieces of equipment necessary to form an 
integrated production plant. The element of portability 
becomes very important however when consideration 
is given to the fact that launch sites must be dispersed 
quite a bit if military rockets are concerned. Figure 4 
depicts a highly portable plant in operation. Such a 
plant is currently under development. Figures 5 and 6 
depict schematically a couple of the processes now 
under study in the industry. In analyzing these the 
reader should consider the size and cost of mixing 
equipment reflected against the yield per hour in 
pounds of propellant. Time to produce large quantities 
should also be considered in the light of casting a single 
unit or group of units weighing 3 million pounds. 
Something more than a “custom built” approach is 
needed if we are to meet the challange. The luxury we 
now enjoy of mixing a batch and checking quality 
standards by sampling methods designed to prove the 
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batch on a “go” or “no-go” basis cannot be afforded 
when high through-puts are required. Quality accepta- 
bility should be continuously ascertained and error cor- 
rection should be an instantaneous function of the 
process. Without such an approach the propellant mass 
would not be homogeneous and casting time would be 
prohibitive unless a very large array of equipment were 
involved. Economics of production in large units are 
dependent on small losses due to quality deviation. By 
employing instantaneous correction of off limit con- 
ditions such losses can be minimized. Also low man- 
power costs are dependent on high production rates 
from a fully automated plant. Repetitive cleaning and 
readying of equipment is a contingency which low cost 
continuous production cannot tolerate. 


FUTURE SOLID PROPELLANT PRODUCTION 
TECHNIQUES 


We at Rocketdyne were convinced that an entirely 
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fresh approach was required to meet the needs of the 
advances in solid rocket technology. In 1958 work was 
done on a bench scale model of a continuous mixing 
process and in early 1959 a pilot plant of 500 pounds 
per hour was developed. This process which is known 
as QuickMix, has undergone a number of improvements 
until it appears that a 1,000-pound per hour plant on 
an 8-foot x 35-foot truck trailer is feasible. Figure 7 
and 8 will give you some idea of how compact this 
plant is. 


In the QuickMix process the basic principle is com- 
bining perchlorate and a liquid polymer to form a 
composite propellant (Figure 9). The propellant com- 
ponents are predispersed in high velocity streams 
of volatile, low density liquid carrier. The streams are 
brought together in a small volmue mixer (Figure 10) 
which is the heart of the process. Here instantaneous 
mixing occurs. Three predispersed streams are used 





to handle the solid oxidizer, other solid ingredients, 
and the liquid polymer binder materials. The low 
density carrier is gravity-separated from the mixed 
propellant, with vacuum casting as a final step to 
remove most of the residual carrier. The QuickMix 
process offers a number of advantages over con- 
ventional processes such as I have described. Figure 11 
summarizes these advantages under the heading of 
cost, safety and uniformity. The first of these, cost, 
is readily understood when you consider the size and 
simplicity of the basic QuickMix equipment. Figure 
12 shows the basic equipment items required for a plant 
of 5,000 pounds per hour capacity. For purposes of 
investment comparison the cost of a screw extruder 
system is estimated at roughly 20 times that of the 
QuickMix Plant whereas the conventional batch mixer 
system (Figure 13) which would require six 200-gallon 
mixers to equal an output of 5,000 pounds per hour 
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is estimated to cost roughly 100 times as much as a 


QuickMix Plant. 


There are a number of safety advantages (Figure 14) 
connected with the QuickMix process but perhaps the 
most impressive is the small amount of mixed propel- 
lant in the system at any one instant. The raw materials 
have little hazard connected to them when suspended 
in the liqyid carrier. It is only when the oxidizer and 
fuel are brought into close association that the full 
energy of the propellant becomes available. 


One of the requirements for casting large solid 
propellant engines is uniformity of composition. The 
uniformity advantages of the QuickMix process are 
listed briefly in Figure 15. Conventional methods of 
continuous production of composite propellants involve 
the direct mixing of dry solid materials with viscous 
liquid ingredents. To obtain highly uniform compo- 
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sition, the various ingredients must be delivered from 
solid feeders to the mixer at very accurate and uniform 
feed rates. Only a limited amount of back circulation to 
smooth out feeder fluctuations can be provided in a vis- 
cous mixing system unless large size, and thus hazardous 
mixing system unless large size, and thus hazardous 
mixing equipment is used. In contrast to such con- 


ventional methods, the QuickMix process has the 
capability of improving propellant ingredients uniformi- 
ty so that each ingredient in the final product shows 
so that each ingredient in the final product shows 
better uniformity than that which was achieved 
when fed into the system. Since mixing of the pre- 
dispersed propellant components is extremely rapid 
and efficient because of the low effective viscosity 
of the carrier slurry, the main requirement for obtain- 
ing high precision and uniformity is that the various 
streams enter the mixing area with precisely pro- 
portioned, nonfluctuating ingredient content. 


Generally, automation is viewed as a means of re- 


ducing costs in a production process by contributing. 
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to longer runs, higher through-puts, and greater speed 
in shutdowns and start-ups. In solid propellant casting 
it has an added significance, especially for a portable 
plant (Figure 16) that must set up in less than stable 
and predictable conditions for operation. Pre-program- 
ming and closed loop feed-back for quality assurance can 
be adapted in the QuickMix process to reduce waste 
from discarded off-specification material. Automation 
of such a process is more than a means of cost re- 
duction. It must be recognized as a technological neces- 
sity. Although the QuickMix process is a simple one, 
it offers great advantages in its adaptability to control 
of a number of interdependent variables. To realize 
these advantages the use of computers for analysis and 
control is essential. At the present time process vari- 
ables are being studied so that programming the pro- 
cess through electronic data processing equipment can 
be achieved. Figure 17 portrays the data processing 
system intended to program and control the process 
as a fully automated function. Control of this type is 
capable of instantaneous correction of off-limit con- 
ditions and programming a very large number of vari- 
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ables. Perhaps the most formidable problems hindering 
solid rocket flexibility is the limitation in thrust 
variaton. Computer programming promises such control 
of composition variables that almost any thrust can 
be programmed into the case propellant either by 
variations in propellant layers for end burning con- 
figurations or possibly by centrifugal casting of in- 
ternal burning grains. Data systems offer unusual 
possibilities for detecting abnormal operations, con- 
trolling within critical limits, and developing highly 


A 


reproductible thrust programmed rocket engines. 


CONCLUSION 


I have described for you the general problem of 
meeting the need for solid rocket motors in the coming 
decade. A solution will certainly touch on such fields 
of interest as automation, material handling, statistical 
analysis, production control, cost control, and data pro- 
cessing system design. It is in this broad range of 
interests that Industrial Engineering will find its chal- 
lenge in the Sixties. 
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SYSTEMATIC LAYOUT PLANNING—A PATTERNED APPROACH 
TO PLANT LAYOUT PROCEDURES 


by RICHARD MUTHER 


Executive Director, Richard Muther & Associates 


F YOU are like most industrial engineers concerned 
with the planning of plant layouts you should find this 
topic of particular interest. Most of us have handled 
our various layout projects in many different ways. 
And this difference is logical, for there are projects 
involving complete new facilities on the one hand and 
minor adjustments in existing layout details on the 
other. 


What is not so logical is that we should follow wide- 
ly different procedures and that we should’ grope for 
techniques of analysis which may not be applicable to 
the particular project at hand. 


Having lived through many of these projects and 
having felt the lack of clear-cut procedure, I have for 
some years strived toward finding a logical, realistic, 
and yet basic approach to the handling of layout pro- 
jects. This has developed into what has come to be 
known as Systematic Layout Planning.* 


S. L. P.— WHAT IT IS 


Systematic Layout Planning is essentially a pattern 
of steps or procedures. It sets forth the sequence and 
relationship of each basic step involved in layout plan- 
ning. The pattern applies both to general overall lay- 
outs—block area layouts or space-planning area alloca- 
tions—and to detailed layout plans. In addition, S. L. P. 
places each of the patterns into simple focus in the 
total four-phase route which each layout-planning pro- 
ject should follow. 

*A book bearing this title is to be published later this 
year, copyright Richard Muther & Associates. 


THE FOUR PHASES OF LAYOUT PLANNING 


As each layout project runs its course—from initial 
stated objective or plan, to installed physical reality— 
it passes through the four phases of layout planning: 


Phase I is that of Location. Here must be decided 
where the area to be laid out will be. This is not 
necessarily a new site problem. More often it is 
one of determining whether the new layout (or 
relayout) will be in the same place it is now, in 
present storage area which can be made free for 
the purpose, in a newly acquired building, or 
similar type of potentially available area. 

Phase II is that of planning the General Overall 
Layout. This establishes the basic flow pattern(s) 
for the area being laid out and indicates the size, 
relationship, and configuration of each major act- 
ivity, department, or area. 


Phase III is the preparation of Detailed Layout 
Plans, and includes planning where each piece of 
machinery and equipment will be placed. 

Phase IV is the Installation. This involves both 
planning the installation and physically making 
the necessary moves. 


These phases come in sequence and they should 
overlap each other. 


Phases I and IV are frequently not part of the plant- 
layout engineers specific project—even though his 
project must in every case pass through these first and 
last phases. Therefore, we shall concentrate our atten- 
tion on the strictly layout-planning phases: General 
Overall Layout and Detailed Layout Planning. 


BASIC DATA FACTORS FOR LAYOUT PLANNING 


Before looking at Phases II and III more closely, we 
should pause to recognize the basic factors on which 
we will need facts or information. These are easy to 
remember when we key them to the “alphabet of the 
facilities planning engineer’-—P Q R § T. 


Practically every plant layout starts, or at least relies 
on, these elements as a basis for its planning. 

P—Product or material, including variations and 
characteristics. 

Q—Quantity br volume of each variety or item. 

R—Routing or process, which establishes the oper- 
ations and their sequence. 

S—Services or supporting activities which back-up 
the producing operations. 

T—Time as it relates to P Q R S and to the 
scheduling of the layout project itself. 

With investigation of these elements—particularly 
as to the product mix and the P-Q inter-relation—we 
will have the essential data needed to begin our analy- 
ses. 


THE PATTERN FOR PHASE II—GENERAL 
OVERALL LAYOUT 


The, analytical part of planning the general overall 
layout begins with the study of the Product and Quan- 
tity and their relationship. (See Exhibit 1) Next comes 
an analysis of the Flow of Materials. But in addition 
to the producing areas, the many supporting-service 
areas must be integrated and planned. As a result, de- 
veloping or charting the service Activity Relationship 
is frequently of equal importance. 


These two investigations then are combined into a 
Flow and-or Activity Relationship Diagram. Here the 
various activities, departments, or areas are geographi- 
cally oriented to each other, although without regard 
to the actual space each requires. 


Next comes the Space Requirements. These are de- 
veloped from analysis of the Process Machinery and 
Equipment necessary and from the Service Facilities 
involved. These area requirements must, however, be 
balanced against the Space Available. 


Then the area allowed for each activity will be hung 


on the activity relationship diagram to form a Space 
Relationship Diagram. 
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The space relationship diagram is essentially a lay- 
out. But it is not an effective layout—in all likelihood 
—until it is adjusted and manipulated to integrate with 
its space the Modifying Considerations which can affect 
it. These include such basic considerations as the han- 
dling system, the storage facilities, the building features, 
the production control system, operating practices, 
safety considerations, and the like. And as each poten- 
tially good idea concerning these features is thought up, 
it must face the challenge of practicality—represented 
by the Practical Limitations at the right. 


As the integrating and adjusting of the various mod- 
ifying considerations and their limitations are worked 
out, one idea after another is probed and examined. The 
ideas that have practical value are retained and those 
that do not stand the test are discarded. Finally, after 
abandoning those plans which do not seem to stand up, 
we end up with two, three, four, or five alternative 
layout proposals. Each of these will work; each of these 
has value. The problem lies in deciding which of these 
plans should be selected. 


These alternative plans may be termed Plan X, Plan 
Y, Plan Z. At this point a cost analysis of some kind 
should be made. But frequently these turn out to be a 
standoff. In any event, some evaluation of intangible 
factors should also be made. This may be represented 
by what might generally be called an evaluation of al- 
ternative layouts or an evaluation of costs and intangi- 
bles. As a result of this Evaluation, a choice is made in 
favor of one alternative or the other—although in fre- 
quent cases a modification of two or more layouts may 
actually result from the evaluation process itself. 


By evaluation, one of the alternative layouts is cho- 
sen. This layout becomes the Layout Selected. With the 
selection of this general overall layout, Phase II is com- 


pleted. 


TIE-IN OF PHASE III—DETAILED LAYOUT PLAN 


The next phase—Phase III]—is that of making the 
detailed layout. This involves the detailed planning of 
each piece of machinery and equipment, aisle, and 
storage area, for each of the activities, departments, or 
areas which have been blocked out generally in the 
general overall plan. 


By reference to Exhibit 2 we see that Phase III over- 
laps Phase II. This means that before actually finalizing 
the general overall layout certain details will have had 
to be looked into. For example, the actual orientation 
of a conveyor system may have to be analyzed in order 
to arrive at a satisfactory solution to the general over- 
all layout. This means that detailed study of this con- 
veyor would be necessary before a satisfactory general 
overall layout is worked out. This is the kind of over- 
lapping investigation that takes the layout planning 
engineer into detailed layout planning in certain areas 
before his Phase II is selected. We recognized this 
overlapping earlier and it should not be lost sight of 
merely because we have discussed here the general 
overall layout as a distinct pattern—separate from 
Phase IlI—detailed layout plan. 


Note also that a detailed layout plan must be made 
for each of the departmental areas which are involved. 
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This means that some adjustment will be made between 
these detailed areas, and that some readjustment of the 


general overall layout selected may also be called for. 
That is, even though a basic general overall layout has 
been agreed to, it can be adjusted and changed within 
limits, as the details are worked out. 


As for planning the detailed layouts, the same es- 
sential pattern used in Phase II is repeated. However, 
now the flow-of-materials becomes the movement of 
materials within the department in que$tion. The act- 
ivity relations now become relations of the activities 
within the department in question. Similarly, the space 
requirements now become the space required for each 
specific piece of machinery and equipment, and the 
space-relationship diagram now becomes a rough ar- 
rangement of templates or other replicas of machinery 
and equipment, men, and materials or products. 


Again we end up with several alternatives. This 
leads to an evaluation to select the most satisfactory. 

This same pattern is repeated for each departmental 
area which is to be layed out in detail. 


S. L. P.—A UNIVERSAL PATTERN 


This explanation shows a universally applicable pat- 
tern to any layout project. If you are planning an office 
area or a laboratory or some other service activity, then 
the content of the P Q R S data, as shown at the top 
of Exhibit 1, will be modified. Similarly, the flow-of- 
materials analysis will become less important and the 
activity relationship study will become more important. 
Therefore, once the pattern is established it becomes a 
matter of adjusting the importance of each “box” rather 
than by changing the sequence or arrangement of 


boxes. 


S. L. P.—AN EXAMPLE 


By way of further explanation, let us trace through 
an actual example. This example pertains to a company 
manufacturing high pressure valves used in the oil and 
chemical industry. The example is taken from an actual 
layout-planning project, although the product informa- 
tion and the forecast sales figures have been altered so 
as not to reveal the company in question. 


Exhibit 3 shows this example in detail. Here you will 
note, based on the products to be produced and the 
sales which were forecast, that analyses were made of 
the product-quantity relationships. Then by picking up 
the routing as expressed in the operations sheet, a flow 
of materials was prepared. Likewise, a list of supporting 
services was established. 


The flow of materials and the supporting service re- 
lationship were combined into an activity relationship 
chart. Here, the producing departments as well as the 
supporting departments are included. 


From this, an activity relationship diagram was pre- 
pared. Then the space requirements for the process 
machinery and equipment and for the service facilities 
were established. These were added to the activity re- 
lationship chart and the space was arranged into actual 
patterns for the respective departments in the desired 
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The procedure followed to plan the 
General Overall Layout is egsen- 
tially repeated’to plan the Detailed 
Layout Plan--once for each area or 
department involved. 
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this layout. 


This general overall layout phase required ap- 





proximately six engineer weeks. After this plan 








wes approved, detailed layout plans were made 





























for each area to fit into the overall plan. 








relation to each other. 


During this process the many modifying considera- 
tions were incorporated into the planning and the 
practical limitations were weighed. By adjustment and 
readjustment, the space was integrated to the most de- 
sired arrangement and configurations. 

Actually, five alternative arrangements seemed practi- 
cal and these were diagrammed out so that an evalua- 
tion could be made of each one. The evaluation of the 
costs and the intangibles resulted in the selected gen- 
eral overall layout. 


This exhibit shows the sequence which was actually 
followed in planning a new plant of approximately 
90,000 square feet. This Phase II required approxi- 
mately six engineer weeks of study. 

After this general overall layout was agreed to, cer- 
tain modifications were made to make sure the build- 
ing features were satisfactory from an architectural 
standpoint. Then, with these specific building details 
pinned down, each department was layed out in detail. 





CONCLUSION 


This presentation describes the pattern known as 
Systematic Layout Planning. It is both a pattern of pro- 
cedures and an approach to the solving of layout prob- 
lems. 


This pattern puts into proper relation the many pro- 
cedures and techniques which are used in layout-plan- 
ning work, and it should serve as a guide in the sched- 
uling and programming of plant-layout work. It is a 
surprisingly simple device, yet one we have found can 
save many hours and avoid many delays and misunder- 
standings. 


Here then, is a universal pattern which has been 
proved by use and which, when followed, can bring 
sequence and clarity to what on each project seems a 
“different” problem. True, every layout project is dif- 
ferent—for no two layouts are exactly alike. But there 
is an approach and pattern for the planning of layout 
work—Systematic Layout Planning. 
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HOW NOT TO MAKE REPLACEMENT DECISIONS 


by RALPH O. SWALM 


Professor of Industrial Engineering, Syracuse University 


INTRODUCTION 

HEN is it economical to replace a machine with a 
similar, but newer machine? That is a simple question, 
which sounds as though it should have a simple answer. 
Unfortunately, in industry today, it receives not one 
but a whole host of answers—and many of them are 
mutually incompatible. 


Let me illustrate this through the use of an example. 
I shall choose a simplified example, for as Deming has 
said, “Simple problems are always best for illustra- 
tion; if we can understand the simple problems there 
is some hope that we can understand the more compli- 
cated ones.” 


Of course, there are dangers in over simplification. 
A truly realistic problem is seldom simple. A method 
of approach that appears to be correct in a simple case 
may lead to false answers in a complex problem. On the 
other hand, if a method of approach can be shown to 
yield a false solution to a simple problem, there is great 
reason to question its ability to yield a correct solution 
in the complex, realistic case. 


Since it is my prime purpose here today to demon- 
strate that a number of widely used approaches yield 
misleading results, I shall be quite content to employ 
a simple example—and to hope that some of you be- 
come sufficiently intrigued with this subject to pursue 
it further. 


THE PROBLEM 


Consider with me, then, if you will, the following 
problem: 


A year ago, in the land of Monaco, where they 
have not only a beautiful queen but also no income 
taxes, a grocer took a seven year lease on a building 
that, by imperial decree, had to be torn down at the 
end of that period. He used the building as a ware- 
house, and one of his first moves was to install a 
conveyor he had seen advertised in an American pub- 
lication, at a cost of $21,000. He depreciated this 
on a straight line basis. 

Last week a consultant, who described himself as 
an industrial engineer, visited the warehouse. After 
touring it, he concluded that the grocer had the right 
idea but the wrong conveyor. He recommended a 
new Swedish model, costing $18,000, which could 
definitely eliminate the need for one man and thus 
yield an annual savings of $5,000. The grocer is con- 
vinced that the savings can be obtained, and the man 
used elsewhere. The salesman for the new conveyor 
offers $3,000 for the old one, and no one else can 
be found who will pay more. 

If all other operating costs remain unchanged, and 
if the net salvage value of either conveyor will be 
zero when the building is torn down, would the gro- 
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cer be well advised to take the consultant's advice? 


Despite the fact that it took about 700 words to 
state it, I think you will agree that this is a simple pro- 
blem compared, say, to the one of whether or not you 
should listen to that new car salesman and replace your 
car this Spring. 

Let's boil our problem down, leaving only the essen- 
tials. A conveyor was bought a year ago for $21,000. 
It was depreciated on a 7-year, straight line basis. A 
new conveyor, costing $18,000 and saving $5,000 per 
year is now proposed. A $3,000 trade-in allowance is 
offered for the old conveyor; either conveyor will have 
no net value when the building is torn down in six 
more years. Should the proposal be accepted? 


Now, of course, I don’t know how your company 
would make such a decision—but I do know how many 
of your industrial colleagues would do so. And I'd like 
to outline with you some of the approaches I’ve seen— 
and to examine their implications. 


Unfortunately, there seem to be almost as many ap- 
proaches as there are companies. Perhaps these can be 
divided into two broad categories—first, those that do 
not, implicitly, at least, make use of the concept of an 
interest rate, and second, those that do. 


THE PAY-OFF APPROACH 


In the first category is the approach most commonly 
found, that of “we'll buy it if it will pay for itself in 
X years”, with X generally being a low number, and 
most commonly not greater than 3. 


Analyst A, might, therefore, reason as follows: 

“Til buy it if it will pay for itself in 3 years. Let's 
see—the new conveyor will save $5,000 per year times 
3 years, or $15,000 in three years. But its cost is 
$18,000. Thezefore, we won't buy it.” 


“Not so’, says Analyst B. “Your $15,000 figure is 
correct, but the cost is not $18,000 but $15,000, since 
you get a trade-in allowance of $3,000. Thus it just 
pays off in 3 years—and might, therefore, be attrac- 
tive!” 


“You're both crazy”, says Analyst C. “Of course, the 
$15,000 3-year savings you agree on is correct—but 
you have both forgotten the loss on book value you sus- 
tain in selling. Remember, the old conveyor cost 
$21,000 one year ago—has a value of $17,000 now. 
You propose to sell it for $3,000 a clear loss of $14,000. 
Thus, your new conveyor costs you not $15,000, not 
$18,000, but $18,000 cost plus $14,000 loss on the 
existing conveyor, or $32,000. So A was right in say- 
ing Donst Buy—but he was right for the wrong reason. 
Had the savings been $7,000 per year, he'd have said 
“buy"—but the three year payout would be only 
$21,000, on an investment of $32,000! In this case you 








shouldn't buy—but B's approach would cause you to.” 


“Wait a minute!”, says Analyst D. “I agree with A 
that your capital costs are actually $18,000—but you 
are obviously going to keep the conveyor, if you buy it, 
for 6 more years. So we should ask whether or not it 
pays a sufficient amount above $18,000 in 6 years. 
Since in this period it will save $5,000 x 6 or $30,000 
on the $18,000 investment, it seems to me it should be 
purchased!” 


“Right answer—wrong reason” says E. “I agree with 
B that your costs are $15,000—so you save the differ- 
ence between $30,000 on $15,000, or $15,000.” 


“Not so,” says F., “as C pointed out, your costs are 
the $18,000 you spend plus the $14,000 loss on book 
value—so that even though you save $30,000 in 6 
years, that is not enough to pay for the $32,000 cost!” 


Who is correct—A, B, C, D, E, or F? 


“None of them are,” say other analysts. “They all 
use too simple a decision rule. What they should do is 
calculate the return on the investment to see if it is 
sufficient.” 


THE RATE OF RETURN APPROACH 


“Yes” says G, “the return is $5,000 on a cash in- 
vestment of $18,000. Dividing $5,000 by $18,000 gives 
a return of about 28%. That's “quite attractive” (of 
course G and H calculate the return as $5,000 on an 
investment of $15,000 and $32,000 respectively—get- 
ting answers of 33 and one-third per cent and 15.6%). 
They used the same arguments for the amount invested 
as did B and C (or E and F). But J agrees with none 
of these. 


“I'm now confused as to which of you are right 
about the amount of the investment,” he says, “but 
I'm sure you all forgot to subtract the depreciation on 
the new equipment from your $5,000 annual saving. 
If the cost is taken as $18,000, the numerator in your 
calculation should be reduced by a depreciation of 


$18,900 or by $3,000. Your income after deprecia- 
tion is then $2,000; dividing this by the capital cost 
of $18,000 gives a return of about 11%. Analyst K, us- 
ing $15,000 as the cost, calculates the interest as, 


$15,000 
$5,000 - 6 or 000 - $2,500 or 16-2/3% 
$15,000 1,500 


and L, using $32,000 as his cost, gets a negative re- 
turn. Then, of course, there is M, who uses $15,000 
in the denominator but $18,000-6 for depreciation, 
yielding 13.3%, and N who uses the same numerator, 
but $32,000 as the denominator, yielding an interest 
rate of about 6%. 


By now, you are probably not surprised to find that 
Analyst O feels that none of these is correct. He points 
out that although he agrees that the original cost of the 
new equipment is $18,000, that this amount will be 
recovered over the next 6 years—and that therefore 
the average investment is half of that amount, or 
$9,000. He therefore calculates the return as $5,000 
annual income divided by $9,000 average investment 
or about 56%. And then, of course, there follow P and 
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Q who use $5,000 as numerator and half of $15,000 
and $32,000 respectively for indicated interest rates 
of about 67% and 31% respectively, and R, S, T, U, 
and V who calculate numerators, allowing for deprecia- 
tion, exactly as J, K, L, M, and N but halve the de- 
nominators to allow for the average investment—yield- 
ing results of about 22%, 33% negative, 27% and 
12.5% respectively. 


We have by no means exhausted all the permuta- 
tions and combinations possible in computing a rate 
of return, but I fear that to continue would be exhaust- 
ing to the audience and add little to the point already 
made—that there are many approaches all described 
by the same term—“The Rate of Return Method”, and 
that they give mutually exclusive answers. Although 
the methods supported by Analysts G through V are 
simplifications of the actual methods used (because of 
the simplicity of the problem) I have seen with my 
own eyes, reports from companies that based their de- 
cisions on calculations similar to almost every one of 
these approaches. 


OTHER APPROACHES 


Of course, there are other methods than these in use. 
Some are almost unbelievable. If you'd like, I'd be glad 
to describe some of these during the question period. 
Others seem based on fairly sound analysis. Typical of 
these is the MAPI Method—or, more exactly, the re- 
vised MAPI Method. It is impossible to begin to ex- 
plain this method in the time we have at our disposal 
and besides, it is based on several assumptions that ob- 
viously are false in this case, so it should not be used. 
Despite this, a number of companies have standard 
operating procedures that require its use indiscrimi- 
nately, and these companies would find, for projection 
rating 1, that it showed an urgency rating of only 4%, 
which would make the installation of the new conveyor 
very dubious. 


Another approach is the Present Worth—or Dis- 
counted Cash Flow—or Profit-ability Index—or Ven- 
ture Worth Method. They are all essentially the same 
thing dressed up with different names. In each, in ef- 
fect, the interest rate is found which equates the cash 
outflows to the cash inflows, taking into account the 
time value of money. Each would, in our problem, find 
the interest rate that equates a present net outgo of 
$15,000 to a future inflow of $5,000 a year at the end 
of each of the next 6 years. If annual compounding is 
assumed, the result is about 24.3%. 


Incidentally, this approach is much more easily justi- 
fied in this particular problem than in a more typical 
replacement problem in which the lives of the existing 
and pr assets are different. 


If we wish to add the complexity of a minimum re- 
turn on invested capital, we could approximate the 
average annual costs of each alternative by adding the 
average interest to the totals already obtained. Or, we 
can get an exact answer by using the product of the 
invested capital and the appropriate capital recovery 
factor, as found in any interest table, as the average 
annual cost of capital. For 24.3% this factor is 0.333, 
so the average annual cost of capital for the old .con- 


veyor is $3,000 x 0.333, or $1,000. Adding “extra” 
operating costs of $5,000 to this yields a total average 
annual cost of $6,000. 


The capital cost for the new conveyor is $18,000 
x 0.333, or $6,000, and this is the total (comparative) 
average annual cost. We, therefore, conclude that if a 
24.3% return is required, it is a matter of -indifference 
. whether the grocer replaces or not. Stating this another 
way, it means that if he does replace, he will earn a 
24.3% return on his investment. 

I suppose we should call these last four methods 
(MAPI, Present Worth, average annual cost without 
interest and average annual cost with interest) those of 
Analysts X, Y, Zj.and Z2 and then breathe a sigh of 
relief because we have only 26 letters in our English 
alphabet. 


ANALYSIS 


In our remaining time, I should like to try to bring 
some order out of the chaos I have now created. Which, 
if any, of these 26 methods gives a correct answer—for 
the correct reason. It is important that we add the 
stipulation that it be for a correct reason, for after all, 
our problem has, in one sense, only three possible 
answers—yes, no, and maybe—and any method could 
select the right one of these by chance in a particular 
problem. 


Let us first look at the methods in which an interest 
rate does not play a part—or which assume-zero in- 
terest. These are methods A, B, C, D, E, and F (all 
variants of the pay-out method) and method Zj (the 
annual cost—no interest method). In essence, all of 
these ask whether or not the savings exceed the in- 
vestment by a sufficient amount to make the invest- 
ment attractive. What are the actual incomes and out- 
goes—and by how much do they differ? Can we not 
answer the question, in this rather special case, by sim- 
ply adding up all expenses, for each alternative, from 
the beginning to the end of the project. 

If the consultants advice is ignored, the expenses 
will be: 


At start $21,000 
During Ist year 5,000 
At time of decision 0 
During 2nd year 5,000 
During 3rd year 5,000 
During 4th year 5,000 
During 5th year 5,000 
_During 6th year 5,000 
During 7th year 5,000 
Total $56,000 
If the consultant’s advice is taken, the expenses will 
be: 
At start $21,000 
During Ist year 5,000 
At time of decision 15,000 


($18,000 spent less $3,000 received) 
During 2nd year 
During 3rd year 
During 4th year 
During 5th year 
During 6th year 


ocoooco 
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During 7th year 0 


eeeeeeeseceeeeee 


Total 


The difference between these figures shows a net 
savings of $15,000 or $2,500 per year in the remaining 
6 years! If you have been taking careful notes, you'll 
find that analysts E and Z 1 got this result, but that 
A, B, C, D and F got different answers. 


E was the one who compared the savings over 6 
years to a cost of $15,000. Z 1 used average annual 
costs at zero interest. 


But lots of business men—including, I am sure, 
many among you—will insist that the real cost is not 
$15,000 but $18,000 plus the loss on the BOOK 
VALUE OF THE OLD CONVEYOR, or $32,000. 
Why is this wrong? 


Well, let us look at our- totals. We'll put them down 
side by side for easier comparison: 


COSTS IF 

ae = sia canahiaiaiteasaalas = ae 
Expense is kept is bought 

i. . hiceaheteesisiciais —_— 
Ist year 5,000 5,000 
Time of decision 0 15,000 
2nd year 5,000 0 
3rd year 5,000 0 
4th year 5,000 0 
Sth year 5,000 0 
6th year 5,000 0 
7th year 5,000 0 
Total "$56,000 "$41,000 


Now suppose the original conveyor had been in the 
building when it was leased—and had no cost. How 
would these figures change? The total for keeping 
would be reduced by $21,000—but so would the total 
for buying—and the difference would’ remain at 
$15,000 in favor of buying. So we see that here, with 
no loss on book value, the answer is the same as with 
a $14,000 loss. In fact, no matter what original cost is 
put in, the savings remain the same. The original cost 
is irrelevant in our problem, and since the book value 
is a function of this cost, the book value must be ir- 
relevant, and any method that does not consider it. so 
wrong. The economists have long known this—but 
many business men who loudly proclaim that the public 
knows too little economics have yet to learn this lesson 
in basic economics. 


Let us draw this part of the discussion, which deals 
with methods used in industry, to a close by adding the 
average annual cost approach. To make this comparable 
to the results obtained by Analysts A, B, and C we 
shall first use it assuming zero interest rate; after 
which we shall use a 24.3% rate. 


In either case, we shall simply add the average an- 
nual cost of capital to the average annual operating 
cost for each alternative to get the total average annual 
cost for that alternative. To simplify matters, we shall 
charge the existing equipment with an extra $5,000 








operating cost and the new with no extra cost. 


The capital cost of the existing asset is $3,000—the 
amount you forego by keeping it. Pro-rated over 6 
years, the average annual cost of capital is $500 per 
year. Adding $5,000 extra operating cost yields a total 
average annual cost of $5,500 for keeping the old con- 
veyor in service. It will cost $18,000 or $3,000 per 
year capital cost for the new conveyor—and since it 
has no “extra” operating costs, this is its average annual 
cost. Therefore, by accepting the engineer's advice the 
grocer will save the difference between the total aver- 
age annual costs of the new and old conveyors. In 
dollars, this amounts to $5,300 minus $3,000 or $2,500 
per year for the next 6 years. 


But now that we know that $15,000 can be saved 
in the next 6 years by buying the conveyor, should it 
be bought? Not necessarily—for we may have better 
uses for the funds required. One way to examine this 
is to ask what rate of return we make on our invest- 
ment. But here again we get into difficulty, for Ana- 
lysts G through W and Y all purported to calculate this, 
and Z2 did essentially the same thing by assuming a 
rate and then examining the resulting comparison. And 
these rates ranged from negative to 56% through many 
intermediate steps. 


Let us, for the moment, ignore all of these, and look 
again at our calculation for zero interest rate. Here we 
were able to add sums of money at differing times be- 
cause we assumed zero interest. To make a legitimate 
addition with a positive interest rate, we can discount 
each of these sums to a common time, then add them. 
We can do this with differing interest rates until we 
find, by trial and error, that rate which makes the two 
alternatives equally attractive. Even simpler, we can 
take the algebraic difference between the alternatives 
and discount these to a common time at various in- 
terest rates, until we find that rate which makes the 
sum zero. But this is the discounted cash flow system 
Analyst Y used—and his result was 24.3%. Analyst Z, 
in setting up an annual cost comparison also showed 
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that, at 24.3% the alternatives were equal. He could 
just as easily have set the totals equal and solved for 
the interest rate that made them so—and gotten 24.3%. 
This, then, is tHe correct rate of return, in the tax-free 
land of Monaco. All the rest—and that includes Ana- 
lysts G through W—got the wrong answer. Some of 
these can be shown to offer fairly good approxima- 
tions to the correct answer under certain circumstances, 
and others under others. But none, in this case, give 
the right answer. Furthermore, those that come closest 
do so by chance, and would give very poor approxima- 
tions in other cases. 


The fact that several of these are quite widely used 
doesn’t alter the fact that they give an incorrect answer. 


I'd like to suggest that many companies would con- 
sider a return of about 25%—even though this is a 
before tax return—quite attractive—and to point out 
that they would deny themselves this return if they 
had used the common 3 year pay-off requirement. 


CONCLUSION 


In closing, let me briefly recapitulate what I've tried 
to do here today. First, I've tried to demonstrate that 
there are a whole host of seemingly plausible approach- 
es to a replacement problem, and to suggest that just 
about all of these are in use today. Second, I've tried 
to show that if some of these are right, others must be 
wrong, for they give differing answers. Third, I've tried 
to show which, in a specific problem, give demon- 
strably correct results. Fourth, I've attempted, through 
this maze of calculations, to show that amy method 
which adds the loss on book value to the cost of the 
new equipment leads to a wrong answer, because it 
violates the fundamental economic precept that “past 
events are irrelevant except as they aid in the prediction 
of the future”. And finally, I hope to have whetted a 
few of your appetites—titillated a few of your cur- 
icsities—so that you'll leave this convention deter- 
mined to explore further the very fascinating subject 
of machine replacement. If I have done this, my com- 
ing here has surely been worth while. 
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WORK SAMPLING: USES AND ABUSES 
Dr. K. A. LIFSON 


President, Lifson, Wilson & Ferguson, Inc. 


DESCRIPTION 


ORK sampling is a technique for determining the 
proportions of time spent in various activity categories. 
The technique involves the making of random observa- 
tions of people or equipment and noting what the 
subject is doing at the instant of observation. If the 
subjects are handling material in 30% of the instant 
observations, one assumes that 30% of the time of the 
subjects is spent in material handling activities. Usual 
statistical measures of reliability apply to the results, 
with the usual restricting assumptions of randomness of 
observations and patterns of variations. Large numbers 
of observations are usually required, but the technique 
is relatively inexpensive. Observers can be trained in 
less than a day, and frequently supervisors or foremen 
can do the observing. 


APPLICATIONS 


In many situations some estimate must be made of 
the division of time into various categories. When time 
standards do not exist for all of the work categories, 
the work sampling technique may be appropriately 
used. We believe there is an important distinction be- 
tween using work sampling to determine and describe 
a time distribution that does exist, and attempting to 
find by work sampling the conditions that should exist. 
The description of existing conditions, as to determine 
allowances, prepare job descriptions, or seek areas for 
improvement, we believe a proper use of work sam- 
pling. The attempt to set standards or goals by work 
sampling, we believe, results in the goal of “looking 
busy” and is usually an abuse of industrial engineering 
technology. 


Work sampling can be of help in determining man- 
power and equipment needs, but only in conjunction 
with some measure of the occurrence of the needs. 


SEEKING AREAS OF IMPROVEMENT 


A frequent good use of work sampling is the de- 
termination of potential cost savings in unmeasured or 
highly variable work categories. Activity categories 
are defined so that the work sampling results are in 
terms of time spent in material handling, planning, 
paperwork, getting tools, receiving supervision, rework, 
or other such activities as one believes are susceptible 
to reduction through further investigation. We have 
applied work sampling, for example to the work con- 
tent of sewing machifie operators making work clothes. 
It was determined that 24% of the time was spent in 
machine operation, 16% in prepositioning or reposi- 
tioning the garment on the work table, 40% handling 
pieces to or from the bundle, 3% handling material 
while not seated, 4% idle, 12% performing non- 
sewing work such <¢. cli, ping, measuring, and trim- 
ming, and 1% miscellaneous. Thus it seemed likely 
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that 24% of the time was subject to improvement by 
new and faster machines, 16 to 40% by operator train- 
ing and workplace layout improvement, 40% by ma- 
terials handling devices and better breakdown of opera- 
tions, and 3% by hiring a “bundle runner”. Our con- 
centration is on lengthening the work elements, pro- 
viding material handling carts and line flow, providing 
workplace improvements and operator training in that 
order. It is of interest that the work operations are 
well measured in total in this plant, and it is on a 
piece rate basis; but it was nearly impossible to pull’ 
out the materials handling and positioning portions 
without some technique such as work sampling. Stand- 
ard data applied to the work would have been a very 
involved and lengthy study. Work sampling ‘took a few 
days to obtain results of the needed reliability. 


DETERMINING ALLOWANCES FOR 
TIME STANDARDS 


When standard times include allowances for small, 
hard-to-measure miscellaneous work elements, the ac- 
curate determination of these allowances is conveniently 
done by work sampling. If the miscellaneous work ele- 
ments are performed at a pace different from the major 
work elements, pace rating must be done and multiplied 
into the percentages. To obtain the required reliability 
when dealing with allowance percentages, tens of thou- 
sands of observations are required for each kind of 
work suspected of requiring different allowances. Fre- 
quently a study to determine allowances leads to ideas 
of how to eliminate their need: a high and variable 
thread breakage delay incidence in a garment factory 
resulted in improved maintenance procedures, for 
example. 


JOB DESCRIPTIONS 


The percentage of time that a particular person, or 
the individuals in one job description, spend in each of 
several work categories is frequently vital to the job 
evaluation. Work sampling provides a reliable, in- 
expensive method of finding these percentages. It is 
also a good technique to use when the purpose of the 
job analysis is work simplification—the reduction of 
complex jobs into several simpler jobs, or the pro- 
vision of specialists instead of versatile personnel. We 
have used work sampling applied to engineering jobs 
and broken out some of the drafting and arithmetic 
that were found to be consuming an un-suspected 
amount of time. However, it is an abuse to use work 
sampling measurements as the only criterion in these 
work simplification studies. If it is found that of ten 
office clerks, 30% of their time is filing, 20% relaying 
telephone messages, 40% typing and 10% idle, it is 
not necessarily true that 3 file clerks, 2 switchboard 
operators and 4 typists would do the work more ef- 
ficiently. Many other factors must be considered in the 
division of work, factors that are mot measurable by 








work sampling observations. 
DETERMINING EQUIPMENT NEEDS 


Another use of work sampling is the determination 
of the degree of use of equipment, with the goal of 
ascertaining equipment needs, or balancing equipment 
utilization with manpower, product, or customer wait- 
ing time. Activity categories of the equipment are 
usually defined in terms of time in operation, in setup, 
being maintained, being repaired, idle—no operator, 
idle—waiting adjustment, idle—no work and other 
categories of specific interest. Material handling equip- 
ment usually is observed as moving—loaded, moving— 
empty, waiting to load, waiting to dump, serving as 
temporary storage, as well as some of the other men- 
tioned categories. 

Frequently equipment utilization follows a cyclical 
pattern, and must be plotted against time over the 
length of the cycle, or several cycles. We have seen 
work sampling come in for considerable abuse because 
of neglecting the cyclical pattern of needs, and re- 
porting that with, say, 80% utilization only four ma- 
chines were needed, when in actuality at certain times 
of the month eight machines were necessary. Properly 
used in instances such as these, work sampling would 
have shown the cyclical pattern and perhaps suggested 
some work on scheduling to reduce the peak needs. Al- 
though many times job cost records, check out slips, 
or other records of machine utilization are available, 
we use work sampling to determine unavailable time 
such as maintenance, and unavailability caused by 
scheduling, such as the “idle—no operator” category. 


In questions of equipment utilization we surely pre- 
fer to measure, observe, or record the incidence of the 
actual needs for the equipment. The sampling of how 
much the equipment is used is not as valuable as know- 
ing how much it could or should be used. We have 
applied this to a charter airline operation, for example, 
and optimized number of available aircraft so as to re- 
sult in a utilization of only 69% during peak periods. 

An application of work sampling was the determina- 
tion of how many “Hough loaders” (mobile scoop 
shovels) were needed at a lead smelter. We used both 
work sampling to determine availability and a record 
of lost time at the furnaces due to waiting for the loads. 
We also have used work sampling studies of equip- 
ment use to determine the expansion of sales possible 
with present equipment, in job shop and custom work 
when no work standards were available. Of course we 
had to assume a product mix and a scheduling inter- 
ference factor, independent of the work sampling re- 
sults, and our predictions were as much dependent on 
the accuracy of these assumptions as on the work sam- 
pling results. 


DETERMINING MANPOWER NEEDS 


The determination of how many and what kind of 
personnel are required to accomplish a workload is 
another use of work sampling, particularly when the 
workload is highly diverse or is considered economi- 
cally “unmeasurable”. For example, we observe the act- 
ivity of 100 electronics technicians, testing varied and 
unique complex electronic equipment. Assume we find 
they are performing skilled work 30% of the time, 


acting as an unskilled helper to another technician 
(watching for lights, lifting equipment, holding lad- 
ders, etc.) 30% of the time, and idle 40% of the time, 
it would be a real abuse of work sampling to say we 
needed 30 technicians and 30 helpers instead of 100 
technicians. The same comments about cycles of need, 
balancing of cost of over-capacity witli cost of non- 
availability, and scheduling problems apply to man- 
power needs as well as to equipment needs. A further 
complication is that pace rating is sometimes used with 
the observations. That is, we might observe an average 
pace of 90%, and therefore conclude that only 27 
technicians and 27 helpers would be needed if they 
were all working at a normal pace—a hazardous con- 
clusion. The data in the example should lead us to in- 
vestigate the use of helpers and make us aware of our 
average “over-capacity”, but they cannot tell us the 
proper number of personnel. 


MEASURE OF LABOR EFFECTIVENESS 


Work sampling has been used to measure overall 
effectiveness. Activities are categorized as “effective” 
—such as productive work, and “ineffective’—such as 
delays or rework. Records of the per cent of effective 
time are kept, trends are noted, and supervisors are 
given goals of per cent effectiveness. There are many 
hazards encountered in so doing. When the observa- 
tions are made for this purpose by members of the In- 
dustrial Engineering department, the Industrial Engi- 
neers are put in the awkward position of telling super- 
vision what they “should know”—how their people are 
spending their time. They may be acting more as 
“snoopers” than as industrial engineers. 


A suggestion has been for the supervisors to make 
the observations. This works well for the purposes of 
methods improvement, but labor cost control is a more 
delicate matter. Improvement is too easily shown spur- 
iously—by making it a goal that everyone looks busy. 
Another hazard is the difficulty of taking really random 
unbiased samples. The anticipation of an activity, or 
the brief delay of an observation, a few seconds one 
way or the other, can significantly change the work 
sampling results. 


The making of work sampling observations by super- 
vision, for any purpose, does provide a systematic way 
for the supervisor to find out and appraise what his 
people are doing. As one supervisor said, “Probably 
the most immediate benefit was the enforced, periodic 
look at each employee, by his foreman, several times 
each day.” This is a quote from RICHARDSON’S and 
HEILAND’S book “WORK SAMPLING” (Mc- 
GRAW-HILL) which is an excellent text on how to 
do work sampling. 


For the measuring of labor effectiveness, we prefer 
to use methods more direct than work sampling. For 
work sampling results to reflect effectiveness, it must 
be assumed that the quantities of productive work 
performed remain stable—measures such as customers 
serviced, direct labor standard hours maintained, ton- 
miles flown, dollars of sales, square feet of building 
completed, column inches of display ads set. Our pre- 
ference is to relate labor cost directly to these measures. 
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A MODEL OF AN ELEMENTARY INDUSTRIAL 
PROCESSING SYSTEM 


by BURTON GRAD 


Programming Systems, International Business Machines Corporation 


HE DESIGN of an industrial information processing 
system involves an ability to understand the structure 
of the physical system being controlled. This type of 
understanding is essential if reasonable and effective 
control rules are to be determined and applied. To this 
end it seems pertinent to be able to model or simulate 
the behavior of a particular proposed information pro- 
cessing system to see if it will perform in the way that 
you wish. However, to simulate the performance of an 
information processing system implies a terminology 
and format for expressing the control rules and des- 
cribing the physical system being controlled. 


This paper will present a proposed terminology and 
format for such a representation and will illustrate the 
use of these ideas in the context of a simple example. 
As a clear corollary it would seem logical that a gen- 
eralized simulation language structured in this way 
might prove highly beneficial to those charged with 
the information systems design. 


Suppose we try to describe a simple manufacturing 
business which has but one operation, one product 
model, a single source of supply and just one customer. 
A flow chart of the physical flow in such a business 
might appear as follows in Fig. 1. 





Fig. 1 
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The flow of material is from left to right. There are 
six Stations in the system with each of the different 
types of stations being represented by a different sym- 
bol: 


; f- represents a material source external 














uJ to the controlled system. 
+) represents an imyentory of a product 
model or a material. 
al represents an operating station which 
in some way transforms material. 
; represents a customer who is essen- 
- \ tially a product “sink” and is external 
Ld 





to the controlled system. 


The status of the system from a purely physical 
standpoint can be described at any point in time by 
defining the number of product or material units at 
each station within the controlled system. To aid in 
expressing this we have numbered the stations as shown 
on the next page in Fig. 2, and identified the “product” 
which, of course, changes identity after the “make” 
operation. 



































Fig. 2 
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We can speak of the “Raw” Inventory at the Inven- 
tory Stations and the In-process Inventory at the Op- 


. . 2 3 14 
erating Stations. Hence, the values 1A. I Al, “Al, 


‘lA1 are required to define th. current status of the 
physical system. 

If means the Inventory at Station s of , product 
model m. To introduce the time concept Im is al- 
ways defined at a particular point in time, generally 
represented by t. Hence, Im, t would be the general 
format for describing the physical status of the busi- 
ness at the beginning of time interval t. 


The first step beyond this static representation is to 
introduce the factors which will transfer the system 
from its state at t = 1 to its state at t= 2. Essentially, 
we need a record of all the movement between stations 
during time interval 1. 


t= i 2 3 
| | 
time interval = Gee 1 oaniiiiane ya ae 


This can be done by defining a set of shipments to rep- 
resent this movement. Using H to stand for shipments 





(S is used later* for another factor,) HY) means the 


shipment from Station 2 of product A during time 
interval 1. \ 3 3 4 5 

Hence Ha 1, 44,1, Hai, Hari Fats 

are needed to completely itemize all physical events 
which take place during time interval 1. The general 


form is HS 
Hn, t- 


On this basis we can define 


12 12 


" 2 
A, 2 A,1 H 


+ HL Al 


A,1 


To generalize this relationship we need to introduce 
the succeed-precede concept. 

Station 1 is said to precede Station 2 if its output 
passes to that station either directly or indirectly. In 
our simple business Station 1 precedes Station 2 and 
Station 3. Succeed is the opposite of precede. In other 


words Station 3 succeeds Station 2 and Station 1. These 
relationships are summarized in Fig. 3. 








Fig. 3 
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The number in the intersection indicates the relation- 
ship between the two stations. For example the first 
row indicates that Station 1 precedes Station 2 by 1 
stage. 


Hg-} would be interpreted to mean the shipments 
of model m during time interval t from a station 1 
stage before (preceding) Station s. 

The Inventory equation would then have the follow- 
ing form: 


s oe s S:-1 Ss 
In, tt1 ~ Im, t + Hm, t nt 


This is satisfactory except for the case of transform- 
ing a material into a product model which still needs 
to be explained. This can be shown by a “Gozinto” 
Table like Fig. 4. 


Fig. 4 Gozinto Table 
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In the Gozinto Table m is identified as the “output” 
model at the station under consideration. The Gozinto 
material (g) may be the same model or it may be a 
different input material. For example, at station .3 the 
model identity is Al but the “Gozinto” material iden- 
tity is A. Therefore the general equation should be: 


+ = 


I m:g,t —~ Hm, t 


1s = 
m, ttl m, t 
Where m:g means the “Gozinto” material g for model 
m at succeeding station s. To show this, s = s: -l hence 
s: +1 (which is the succeeding station) = s. To illus- 
trate: 


3 3 2 3 
Ini,2 *1a1,1+ Haji - Hai i 


This fully defines a manner for computing the physical 
ia i e289 S 

state of a system giving the initial state (I, 0) and 

the shipments between stations during the time inter- 
val (HS ¢t ), 

m, a . 

These values, however, have certain built-in con- 

straints. For example the amount shipped from a sta- 

tion can obviously not exceed the inventory at that 





station at the beginning of the time interval, assuming 
that any receipts during the period would not be in 
time to be operated on. We might express the first 
part of this constraint by stating that: 


s 
o 
Hm, t € In, t 


This establishes the limitation of initial inventory avail- 
able but it does not give recognition to the possibility 
of immediate access to more input material. This can 
be done by defining the cycle time required to provide 
a shipment from a station. 


C§, Cycle time at Station s for model m. 


If s is an inventory station then Cm can be O, so that 
the next Station (s: +1) may receive additional input 
material in time to be of direct use during that period. 
This implies a negligible informaton cycle time which 
is the time it takes to communicate a material require- 
ment to the preceding station (s:-1). So we might re- 
peat the constraint in this way: 


8s < 


s s:-1 
Hm, t ™ Im, t +1 


m: g, t 

So far we have just described the operation of a 
physical system with no thought of product demands, 
decision rules or even an explicit recognition of the 
role of information processing. Let's modify the ori- 
ginal flow chart to bring into play certain of these 


features as in Fig. 5: 
Fig. 5 
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This “phantom” information system has certain obvious 
properties. The information flow is essentially the re- 
verse of the physical product flow. There is one to one 
mapping of stations on decision elements. There are 
only two types of decision elements: Order and Sched- 
ule. An Operating Station and a Source become Sched- 
ule decision elements; the other two become Order ele- 
ments. For the sake of clarity, we will use the same 
station code numbers to identify the decision elements 
as were used for the physical station itself. The mean- 
ing will be obvious from the context. 

The first decision element is that of Order. This 
function is concerned with determining the quantity 
desired from the preceding station. Without getting 
involved in the structure of a particular rule, we can 


see thatR Sg, ¢ (the order quantity from station s for 


the gozinto material g tor model m ordered during 
time interval t) will depend on present inventory sta- 
tus, current orders and unfilled requests from the suc- 
ceeding stations, forecast of future requirements, pre- 
ceding station cycle time, etc. Each station has the 
opportunity of placing an order on any directly preced- 
ing station (s:-1) during the preparatory phase of a 
time interval. 

To examine the meaning of the second decision 
element, Schedule, it will be helpful to review the se- 
quence of events in the system. 

At the very beginning of a time interval (t) we 


know the inventory status of each station is (1,5 t)- 
. - . , 
Then an order is received by Station 5 from Station 6 


(R°, t ). Station 5 reviews its own inventory and 
that of Station 4 to determine the maximum quantity 
of the requested model which it can process. For sim- 
plicity, let's assume that the cycle for shipping is just 


one time interval soC 41= 1. We can also assume that 
there is a trivially simple scheduling rule: 


Shi, t = min {Rha t. (Ait + fo}. 


where § Sas represents the scheduled quantity at 
Station 5 for period t and min stands for minimum of. 

This rule implies no consideration of unfilled orders 
about which more later. For now we can imagine the 
customer reordering any unfilled requirements at the 
beginning of the next time interval (t+1). We can 
also simplify the equations by precluding an Operating 
Station from having inventory not assigned to specific 


orders. On this basis Lie t= O; there is no available 
inventory. For instance, under this restriction there 
would not even be any actual inventory remaining at 
the beginning of the next period unless C 8,5 1 


With this approach the general scheduling equation 
could be reduced to: 
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s:-l 
m,t I 


— m: g, t 
We can also assume that 
s s 
Ss = 

This simply means that shipments at the end of a 
period will always equal the quantity scheduled at the 
beginning of a period if the Cycle time is one time 
interval. We have a deterministic, perfectly performing 
facility. 


y , 5 
So Station 5 decides to make S44 ¢ based on or- 
ders received and the prior stations inventory status. 
It, of course, needs immediate delivery of the gozinto 
material if it is to make shipment by the end of the 
time interval. The quantity needed at Station HR2 4 1) 
is ordered from the preceding inventory Station 4. 
Station 4 supplies the material right away (Hj) r) 
s 
and then makes its own ordering decision. Here again 
let’s envision a trivially simple ordering rule: 
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:+1 
an, t * Hm, t where for the case of ce = 0 and cs = 1 


s:+1 
Hin:g,t = Sm,t 


In other papers we will eliminate these highly re- 
strictive assumptions, but for the sake of explanation 


and understanding, 1 believe these simple rules are 
most desirable. 


Station 4 will transmit its order (RA, t) to Sta- 
tion 3 which will schedule the requirea quantity. If 


ez 1 =2 this would mean that Station 4 would not 

receive delivery until the end of the t + Ist period. 
In other words, we'll have to make sure that Station 4 
has a properly determined safety stock to be able to 
cover its expected needs at the beginning of period 
tt1. 

But Station 3 may not even be able to supply the 
entire order for Station 4 since it is itself restricted by 
the inventory at Station 2. Conversely it may have some 
material half-way through the process that it started 
during period t-1. We have made the statement that 
no quantities are scheduled on order speculation so we 


can assume that any Shy t-1 would be in response 
to an RX 1, t-l. 
If we define Sm, t to mean the quantity to be start- 


ed at the beginning of interval t then we can say 
(assuming perfect performance) : 


s Ss 
Hm, ttc-1 = Sm,t where c=c 5 
The quantity shipped at the end of the time interval 


t+c-1 will equal the quantity started at the begin- 
ning of t. If c = 1 then this degenerates into: 


s 
Hm, t 


= Sh. ¢ as for Station 5 


wc3, = 2, then H3, t4+1* SAi,t- 
We can say then that: 


3 


Sait 


mint. . 3 
= min Al,t, A,t = Rat 


, 3 — ‘ , 
This order request Ra t is immediately transmit- 


ted to the preceding inventory Station 2 which responds 
by delivering the required material: 


2 3 
HA +t 7 Rat 


This brings out a key aspect of the definition. An in- 
ventory station does no processing and therefore re- 
quires no time. Where there is a function to be per- 
formed it is necessary to distinguish between the in- 
ventory station and an operation station. 

Next Station 2 goes through its ordering procedure; 


we could think of ai. Hie with appropriate pro- 


vision having been made for safety stock to cushion the 
demand variance over the lead time interval. 
Let's now introduce the idea of an information lag. 








Suppose the order from Station 2 takes 1 time interval 
to arrive at Station 1 and suppose Station | will take 2 
time periods to process the material and 1 time period 
to transport it to Station 2. If we simply add these 
factors together (1+2+1) we obtain a lead time of 
4 time periods. 

We need to represent separately the ideas of infor- 
mation cycle, processing cycle, transportation cycle and 
lead time since each is used in 4 somewhat special way 
in describing an operating system. This can be done by 


adding a second subscript to the C ;, term making it: 


Cm, i = Information Cycle 


Ch. p * Processing Cycle 


Cr = Transportation Cycle 


itt 


Cm,d Lead Time 


In the example described, 


1 
Ca p*2 


1 

CA r=1 
1 

Ca a4 


being in re- 


This enables us to think of St es 1 
sponse to Ri t and Hy r+7 resulting trom Sq ttl. 


Because of the transportation cycle, we should now 
differentiate between a shipment and a receipt so it is 
useful to define a receipt as an Arrival A §.g,¢- In 
this case A ts3 should — reflect H} t+2- The 
generalized formulas would mow appear for the 


deterministic casé as: 


s - s:+1 
Sm:g, tte(i) = f (Rin:g, t 
where c(i) = Crizg, i 
H® = ss 
m, t+c(p)-1 m, t 
where c(p) = CH, p 


S:+1 
Amig, tte(r) = Hing, t 


where c (r) Cre, r 
or, 
i - s 
Am:g, ttc(d)=1 f (Rin: g, t) 


where c(d) = Ciy:g, d 
e(d)= ci) + c(p) + c(r) 
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Station 1 may have its own problems in terms of 
raw materials inventory, scheduling capacity, and so on, 
but we will treat the supplier, for now as though it 
were an infinite, deterministic source so that: 


1 2 
7A. +01 * RA t 
and (to take into account the 


information Jag) 


2 
AK, t+3 = RA , 


Diagrammatically the preparation period would ap- 
pear as shown in Fig. 6. 
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1 
( 
TIME INTERVAL 1 ——? 
Where S! refers to scheduling the order placed by 


Station 2 during the previous time interval. 

At the other end of the time interval, the termination 
period, there is no meaningful sequence of shipments 
and arrivals, but there is an order of calculation. Each 
non-inventory station ships the quantity it had sched- 
uled to complete by the end of that time interval. Each 
station next computes its arrivals based on shipments 
and transportation cycle. Then each inventory station 
calculates the inventory status which it will have at the 
beginning of the next time interval. The three portions 
of a time interval are shown in Fig. 7. 





Fig. 7 
| preparation | execution | termination | 
| Time interval t | 


During the execution period each station carries out its 
assigned task. 
One information concept still needed is the unfilled 


order logic. Let stand for the unfilled orders 


at station s for model m at the beginning of time in- 
terval t. So, 


In effect, the unfilled orders are an “inventory” of open 
orders to which the “receipts” are the orders from the 
succeeding station and the “withdrawals” are the ship- 
ments to that station. We can consider the unfilled or- 
ders being calculated during the termination period of 
a time interval after the shipments have been made and 
arrivals computed. 


To illustrate further since we have considered that 
; ones: ape ee aad _ oS 
each operating station transm:ts an order Rin; 8,¢=-Sm.t, 


and each inventory ‘:. tt 
an inventory station 


s immediate shipment, 
couia calculate its unfilled orders 


during the preparation period of the time interval. 
This can be quite significant, though, in that an in- 
ventory station’s ordering rules can be made a direct 
function of unfilled orders. 

The concept of unfilled orders brings in another 
factor: the ordering station’s acceptance of a delivery 
delay. For this discussion we will simplify by assuming 
full willingness to accept any delivery delay for the 
order placed, though such delays may | ave their influ- 
ence upon future orders. Unfilled orders are calculated 
as viewed by the supplying station. The converse would 
be for the ordering station to keep track of its unfilled 
requests. 


Vinzg, ttl “Vinig, t+ RS. g, t - Am:g, t 


which is directly analogous to the unfilled orders ap- 
proach. Unfilled requests must be calculated after de- 
terming shipments and arrivals. As a rule, inventory 
will be used to satisfy unfilled requests first at the be- 
ginning of the next time interval; any remaining in- 
ventory will then be applied to new orders received. 

The unfilled order equation can be generalized fur- 
ther if we withdraw the implied assumption that the 
information cycle time is zero. This requires defining 
another facior, orders received. 


S : 
Omt are the orders received at station s for product 
m during the preparation period of time interval t. 


s — S:+1 
Om, t+c(i) = Rm, t 
where c (i) again means C - i we can now restate 
the unfilled order formula: 


Ss = ys tie 
Um, t+1 = Um,t + Om,t — HE, t 


We can also consider the unfilled orders which have 
not yet been scheduled. This would be: 


a=t-c (p)+1 
Ss 
Um, t -Zs m,a 
a=t 
Summary 
To review the development in this paper, a set of 
terms has been established which describes the changes 
that occur during a time interval from both a physical 


and an information viewpoint. These systems change 
factors include: 


Hm, t = Shipments from Station s 


Am, ¢t - Arrivals at Station s 


Raa, ¢t = Orders placed by Station s 
S5,.t = Amount Scheduled at Station s 


sl ¢ = Orders Received by Station s 


Hm,t Am,t and O m, t result from the operation of 
the system and, though influenced by the various de- 
cisions, are not themselves decision elements. The other 
two are decision elements except for s: +1 non- 
existent (e. g. a Customer station). 


Secondly, there are certain systems “constants’’: 


CH, j = Information Cycle Time 


Ch, p* Processing Cycle Time 


al t= Transportation Cycle Time 


Third, there are terms which enable us to express 
both the physical and information status of a system at 
the beginning of a time interval. These systems status 
variables are: 


Ls t= Inventory at Station s 
m, 


Us, t = Unfilled Orders (received by Station s) 


vz t= Open Requests (placed by Station s) 


There are also 3 key relationship concepts which 
have been expressed: 
(1) Precedence 
(2) Gozinto 
(3) Time interval breakdown into preparation, 
execution, termination 


A variety of techniques have been developed to over- 
come the simplifications in this model. They will be 
discussed in later papers. Included will be consideration 
of: 

(1) Assembly structure including multiple sup- 
uly and multiple destination stations. 

(2) Alternate routing. 

(3) Non-stock inventory stations 

(4) Quality variance including spoilage. 

(5) Non-infinite sources, multiple suppliers for 
the same product. 

(6) Variable cycle and lead time. 

(7) Order aggregation 

(8) Multiple period scheduling intervals 

(9) Various scheduling ruvs including con- 
sideration of capacity limitations, employ- 
ment stability 

(10) Various ordering rules 

(11) Safety stock considerations 

(12) Variable processing times including setups 

(13) Transportation stations 

(14) Effect of various dispatching rules 

(15) Stochastic production and supply rates 


This paper just illustrates the initial work in an area 
which requires extensive further research and develop- 
ment. 
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CONTROL OF MACHINE MEMBER POSITION — 
DISCRETE VS. CONTINUOUS 


by JAMES R. WALKER 


Director, Gemco Electric Company 


INTRODUCTION 

N THE past two decades, the industrial engineer has 
witnessed a gradual but continuous conversion of ma- 
chine control systems from preponderantly mechanical 
linkage and positive control to now principally error 
position repeatback electrical and electronic control 
systems. This has been particularly true in machine 
tools whose primary function is to produce machine 
parts and operations thereon with great accuracy and 
conformity. Close tolerances on machine parts imposed 
by the modern aircraft industry has necessitated the 
development and use of machine tools capable of 
repetitiously producing such components with a mini- 
mum of observation and adjustment. 


Excluded from present consideration are processes 
involving large quantity production of machine com- 
ponents and assemblies whose size tolerances are not 
minimal and which are only infrequently changed in 
essential detail. 


In this category can be included automobile engine 
components, and lesser fabricated items such as house- 
hold devices. 


Even though certain techniques of measurement, 
data repeatback, and compensation have been utilized 
in these industrial processes, it is noted that by far the 
greatest contribution to fully automatic machine control 
has been made on machine tools intended for limited 


production items. 


Applications of automatic machine tools possessing 
widely varying input data and operation capability have 
been restricted to limited production industries due to 
the unfeasibility of constructing for their use a machine 
whose sole purpose is to produce a single component, 
as is the case in the auto industry. 


Use of machine tools capable of reliable and accurate 
member position centrol in response to either direct 
operator supervision or recorded input positional data 
are usefully being employed for the processes of hole 
drilling, tapping, boring, and contour milling opera- 
tions. 


It is one of the present purposes to consider the 
realm of application for control means suitable to the 
two principal types of machine control—discrete and 
continuous. 


DISCRETE CONTROL OF 
MACHINE MEMBER POSITION 


This mode of control shall deal with the means em- 
ployed for achieving member motion from one point 
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to another point on a given reference axis of a machine 
by measured multiples of a given incremental magni- 
tude. 
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Fig. 2 Position Control System 


Examples of machine operations employing this 
mode of control are those of drilling, tapping and bor- 
ing of holes in machine castings. The order of accuracy 
required for these operations is dependent upon the 
ultimate use of the produced item. However, a certain 
tolerance magnitude can be given for ¢rilling and tap- 
ping amounting to plus or minus .001 in., while with 
boring the tolerances are often narrowed to plus or 
minus .0001 in. 


It should be anticipated that a wide difference exists 
between the physical response requirements imposed 
upon a given machine capable of repetitiously position- 
ing one of its movable members to a tolerance of plus 
or minus .0001 in. and that for a machine whose toler- 
ance is plus or minus .001 in. 


Actually, this is the case. However, it often happens 
that operations requiring widely varying tolerances 
must be completed on a casting while it resides on a 
single machine. 


Consequently it is necessary that the machine tool 
be designed to incorporate member response and con- 
trol system capability which will yield in combination 
of a member positioning accuracy less than the allow- 
able operational tolerances. 








MACHINE MEMBER REQUIREMENTS 


In order that a machine tool can be used for opera- 
tions on large castings, in some cases weighing one or 
more tons, as well as smaller castings, often weighing 
less than one pound, it is important that associated 
tables and transverse slides be designed for support of 
maximum expected loads without distortion or deflec- 
tion. Accordingly, the weight of table plus cross slide, 
constructed with appropriate webbing, often weighs 
several tons without work load present. 


Although the first concern in design of a machine 
has centered about the consideration of member sta- 
bility with temperature and minimization of reference 
surface deflection with load, a second consideration 
must deal with motion of member supporting struc- 
tures from one point to another by a discrete amount. 


To accomplish this positioning with minimal dis- 
turbance to the surrounding structure and subject work 
casting, it is important that the guiding surfaces ur 
machine slides present a uniformly and small friction 
component. 


In this regard, three means are used frequently for 
minimizing and providing constant frictional losses 
between positioned and fixed members of a given ma- 
chine tool, forced oil lubrication, oil lubrication-air lift, 
hardened way-rollers. 


Another component of a machine whose physical 
characteristics contribute to final machine plus control 
response and positional accuracy is the regulating or 
motion translating means used to convert rotational 
motion of the primary power source to linear motion 
of a machine member. 
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Fig. 3 Positional Response 
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Fig. 4 Open Loop Positioning 


This conversion can be accomplished by means of a 
lead screw-nut arrangement or a hydraulic ram mounted 
under the movable member of the machine. 


From the standpoint of machine dynamics, it is clear 
that machine parameters contributing directly to an 
appreciation of control dynamics are: 

a. Machine member mass (inertia). 

b. Frictional forces between moving members. 

c. Friction and inertia of positional translating 
means. 


Ideally from a control standpoint it is desirable to 
minimize all three above listed factors due to the re- 
duction which can be effected in prime motor horse- 
power, and rotor inertia. 


This consideration follows from the basic control 
equation for a machine member which represents the 
summation of torques on a generalized load connected 
tO a positioning or regulating device deriving its con- 
trol excitation from a torque or force amplifier. 


J 42 LB + &% + he © Kye (1) 


Ar o/t* 
JF 
fo" s is the inertia of load 
is a frictional constant 
ee iis the torque output of the amplifier 


In block representation such a simple control system 
can be shown as in Fig. 1. 


To illustrate the meaning of relation (1), consider 
the solution of this differential equation for the angle 
6 which for example can represent the angle between 
a reference point on a signal input shaft and another 
reference point on the shaft of a controlled torque 
motor as illustrated in Fig. 2. 


Such a solution in total form is, 
= Owe .o Ft ~ £7") % 
8, © a5 %.¢ son [t- £") ‘awt J... (2) 


where the factor @) represents the steady state 
displacement angle of the regulated member 
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Fig. 5S Data Input & Open Loop 
Positioning System 


S is a decremental factor dependent upon the fric- 
tion of the system (/ -$7)%4 Ww is an angular velo- 
city depending for its magnitude on the accumulated 
inertia of the system. 


Inspection of (2) relates the existence of two parts, 


a. The amplitude factor ms ; 2) Me e-SWat 
b. The oscillotory factor gin [(1-$ 2) Y Wnt 


According to the relative magnitudes of J and fm 
will depend the type of positioning cycle occurring in 
the member following an input angle disturbance. The 
three cases illustrated in Fig. 3 can occur for different 
values of system inertia and friction. 


Here can be seen the type of response that is achiev- 
able from a closed loop control system when it is used 
with a machine including various ranges of physical 
parameters. 


A second and basically important type of control 
system can be used for controlling the position of ma- 
chine members by opening the control loop; i. e., re- 
moving the repeatback device §2 from Fig. 2. This 
change results in a different response equation, 


g,= O' Misr; e oat sn fp- LY PW, ¢/, O46 


The important result in removal of the loop closing 
“position repeatback data” is the failure of the input 
data device to know how far it has positioned the out- 
put member. 


Although it would seem from first consideration that 
the practicability of open loop control would be most 
unsuitable for use in machine member positional sys- 
tems requiring repeatable accuracies of plus or minus 
.0001 in. it has nevertheless been shown that such is 
not the case. 


This has been amply illustrated by certain boring 
machines using power positioning in both table and 
slide. These machines employ a fixed cycle of relay- 
motor control allowing the machine member to be posi- 
tioned at a rapid rate until a point close to the final 


command or readout point is reached, whereupon the 
speed is reduced on the drive motor and a gear change 
is made in the gear box. Here the motor causes refer- 
enced machine member to move to the command posi- 
tion under reduced speed until a position pickoff de- 
vice signals arrival at the command position. 


Although it has happened too late to stop the drive 
motor at required machine position, the motor is now 
reversed and the gear box changed to a higher ratio. 
Progression of the member back toward the command 
point at a greatly reduced speed now allows this mem- 
ber to be stopped very near but slightly beyond the 
command point. The distance beyond the command 
point to which the machine member travels is depend- 
ent upon its associated inertia plus that of the load 
and the summation of system frictional components. 
This type of cycle is illustrated in Fig. 4. 
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Here thé final position attained in the open loop 
cycle includes a relaxation region which is used only 
with lead screw-nut translational systems. Its use is to 
remove the lead screw from close constant contact with 
the lead nyt so the driven machine member can be 
effectively locked without further change in positidn. 


This removal of the possibility for member reposi- 
tioning after locking as well as achievement of a con- 
trolled oil film (friction) approach to the command 
point, results in an overall system positional accuracy 
repeatable within plus or minus .00005 in. 


A comparison of the related open loop cycle of posi- 
tional control used in several presently manufactured 
borimg machines, with the closed loop positioning cycle 
described previously, yields certain points of basic sim- 
ilarity. 


For example the damped oscillatory cycle of position- 
ing is common to both methods and the dependency 
of approach to the final command point is dependent 
upon system friction. However, it must be noted that 
the closed loop system will finally achieve a minimum 
static error-regardless of system friction with a reduc- 
tion of the system damping period, while the open loop 
system will position with minimum and constant com- 
mand point error only if the friction remains constant. 


A review of requirements imposed upon a closed 
loop machine control system necessary to achieve mini- 
mal static errors in position with adequate stability in- 
dicates the necessity for use of the following machine 
components 

1. Air lift machine ways. 

2. Zero backlash gear path between motor and final 

machine member. 

3. Ball-Nut drive with zero backlash for machines 

presently using lead screw-nut drives. 

4. Minimization of deflection in lead screw-nut gear 

system to motor. 


Analysis has shown that the average cost of machine 
plus control system capable of exhibiting positional 
errors of the order plus or minus .0001 in. and em- 
ploying closed loop control is 4 times that for an open 
loop system. (For both means of control considered it 
should be stated that a discrete type of data input de- 
vice such as that shown in block form Fig. 5 is used.) 


Because of a seemingly unfavorable cost comparison 
between the two types of systems considered it is quite 
conclusive that a closed loop eontrol system even with 
its significant advantages cannot be economically jus- 
tified for some tool shop operations. 


Although certain control manufacturers will quote 
control system costs for point to point closed and open 
loop control which are essentially the same, it must be. 
remembered that the necessity for use of a more expen- 
sive machine tool construction accounts for the factor 
of 4 given for the overall difference in cost between 
the two systems. The principal advantages gained in 
the use of the closed loop control system is that it can 
also be used for continuous position control of machine 
members and that its positioning time is shorter than 
for the open loop control by a factor of 5 to 10. Fur- 




















fig. 6 Two Amis Contow Milling 
Conwol System 


ther, if a continuous control system combined with cor- 
relation of cross-axis control means and data storage 
equipment then it can be utilized for contour milling 
of complex geometrical components. 


CONTINUOUS CONTROL SYSTEMS 


The type of data input device employed in either a 
discrete or continuous control system can be the same 
and has assumed the form of multiple channel mag- 
netic tape, perforated cards, single or multiple channel 
perforated tape. 


Machine assimilation of a command data from such 
an input device concerning the contour of a given ma- 
chine component, must be based upon several factors. 
Among these are 


1. Symmetry of part. 

2. Variation and rate of variation of surface curva- 
ture in planes of symmetry. 

3. Tolerable variation in final dimensions. 

4. Required rate of stock removal. 

5. Type of material to be removed. 


A closed loop control system must be used on each 
of the principal axes of symmetry for a given machine 
when the information derived from a data input device 
occurs in digital form. Accordingly, this closed loop 
control system further imposes certain requirements 
on machine member positioning means and the means 
of lubrication employed. It has already been indicated 
that a necessity exists for the following machine char- 
acteristics: 

1. Minimum and controlled friction between mem- 

ber surfaces. 

2. Zero backlash in all gear or screw drives. 

3. Minimum inertia in movable members 

4. Minimum deflection of all movable members. 


Observance of these machine factors in design of a 
contouring machine for example will allow full utiliza- 
tion of high performance servo systems for control of 
member position in all axes of symmetry. 


High performance servo control of member position 
will include such important characteristics as minimum 
dynamic and static position error. As a consequence of 
these. machine control characteristics, it is then possible 
to achieve accurate and responsive utilization of digital 


data pertaining to machine component geometry. 


Reference to Fig. 6 will allow a study of the block 
diagram representing the principal components of a 
continuous control system arranged for contour milling 
in two axes. The principal differences to be observed 
between this system and a point to point system em- 
ploying closed loop control are: 

1. Necessity for data storage and assimilator repeat- 

back elements in continuous data system. 

2. Requirement of cross-axis or correlation control 

signal paths for the continuous system. 

3. Tool curvature computer and control means. 


Differences (1) and (2) above can be eliminated 
in systems employing low performance servo systems 
and slow speed data input devices. However, (3) is an 
essential requirement of any or all machine control 
systems whether they be discrete or continuous in type. 


A partial solution has been attained by certain ma- 
chine tool manufacturers by the use of tool handling 
and positioning mechanisms which are essentially open 
loop in control scheme. In these mechanisms, no at- 
tempt is made to control tool curvature or tool tip 
position with regard to a reference point on the ma- 
chine or machined component. 


Although tool handling mechanisms of this nature 
can be usefully employed on machines whose opera- 
tions involve the use of soft castings (aluminum, mag- 
nesium, die cast, etc.) some question exists whether 
their added cost can be economically justified on ma- 
chines used for processing of hard metal castings be- 
cause of the necessity for frequent inspection and re- 
placement of tools used thereon. 


Until tool control systems are made available, which 
can provide tool point evaluation and positioning with 
respect to a reference point of measurement, then it is 
questionable whether the use of present tool handling 
systems, whose cost sometimes doubles initial machine 
cost, is justifiable except for use in aircraft and related 
industries. 


CONCLUSION 


Comparison and evaluation of the two principal 
means of control for machine members, discrete and 
continuous, and their possible application to various 
production machines can lead to certain conclusions 
dependent upon the method of evaluation employed. 
If an evaluation is based only upon economic necessity 
then it can be shown that a discrete data closed loop 
system for use with drilling, tapping, and boring ma- 
chines, although initially more expensive, can be justi- 
fied on the basis of minimized positioning time for 
each machine operation. 


However, if the evaluation of a given machine and 
its control system is determined on the basis of initial 
cost, then the discrete open loop control system must 
be employed at the expense, as already nored, of in- 
creased positioning time. Yet another possibility exists 
in the choice of a machine and control system which 
can be effectively used to provide machine operations 
including all those previously cited: drilling, tapping, 
boring, and contour milling. In order to include this 








latter operation, 4 closed loop control system for dis- 
crete closed loop positioning can be used for corttin- 
uous positioning of machine members by the addition 
of data storage and cross-correlation control units as 
already described. The addition of these units to a con- 
trol system increases the initial cost by a factor of 3. 
Hence, it is seen that the overall initial cost of a con- 
touring machine including continuous closed loop posi- 
tioning control systems will, according to the multiply- 
ing factors given, yield a difference in cost of nearly 
ten times that for a discrete open loop positioning 
system employing digital or tape input data which is 
capable of controlling machine operations, drilling, tap- 
ping, boring and simple milling. Although it would 
appear that the logical choice, notwithstanding the high 
original cost, for a versatile low production machine 
would be a contour milling machine, there is yet a 


most important consideration. 


At the present time, there is no standard sized con- 
tour milling machine which can provide the contin- 
uous control accuracy necessary in a boring machine 
(plus or minus .0001 in.) due to difficulty in achiev- 
ing the idealized conditions of machine operation al- 
ready described. Under this consideration, it is now 
quite firmly established that a contour milling machine, 
at least for some period into the future, should be re- 
stricted to use in contour milling only because of its 
wide tolerance capability. Consequently, the choice to 
be effected in a machine control system for a drilling, 
boring, or tapping machine must be made principally 
on the basis of machine positioning time, i. e., closed 
loop for short positioning time and open loop for 
longer settling time. 
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ARBITRATION OF INDUSTRIAL ENGINEERING DISPUTES 


by WALTER G. SEINSHEIMER 


Labor-Management Consultant and Arbitrator 


O START out properly I shall set the stage by defining 
the terms in the title of my address. I know I shouldn't 
have to define industrial engineering to industrial en- 
gineers, but as is often said during an arbitration hear- 
ing the explanation is “for the sake of the record”— 
“Industrial engineering is concerned with the design, 
improvement and installation of integrated systems of 
men, materials and equipment. It draws upon special- 
ized skill in the mathematical, physical, and social 
sciences, together with the principles and methods of 
engineering analysis and design to specify, predict, and 
evaluate the results to be obtained from such systems.” 
This, by the way, is the official definition of our society, 
the American Institute of Industrial Engineers. 


Now let's turn to the term, arbitration. “Arbitration 
is a contractual proceeding whereby the parties to any 
controversy or dispute, in order to obtain an inexpen- 
sive and speedy final disposition of the matter involved, 
select a judge or judges of their own choice and by 
consent, accept the arbitrator's findings as being bind- 
ing to the disputing parties and recognize the findings 
as being final.” Since you all are, or should be, familiar 
with industrial engineering, 1 would like at this point 
to tell you something more about arbitration, after 
which I intend to bring the two fields together and 
describe some cases concerned directly with industrial 
engineers. 

Labor arbitration as it is practiced today is relatively 
new, perhaps 25 to 30 years old, but forms of arbitra- 
tion go back to the latter part of the nineteenth cen- 
tury in our country, but can be traced back in England 
to the 18th century when that country prohibited com- 
binations of workers and provisions were made for the 
settlement of wage disputes by the justice courts. Act- 
ually the early arbitrations in this country concerned 
with what we now call collective bargaining, and the 
first known mention of arbitration in labor matters in 
the United States of America, occurs in the Constitu- 
tion of the Journeymen Cabinet-Makers of the City of 
Philadelphia in 1829. Many other labor organizations 
endorsed arbitration during the last half of the 19th 
Century, but it was around the coal mining and rail- 
road industries that legislation occurred not only at 
state but at federal level as well. I should also mention 
that it was not only labor organizations that took an 
interest in arbitration in those early days, but a number 
of civic organizations made up of leading industrialists 
such as the National Civic Federation, which was found- 
ed in Chicago to promote conciliation and arbitration. 
Local committees of this organization were set up in 
the early 1900's in New York, St. Louis, Cleveland and 
Boston. Actually both labor's and management's interest 
in arbitration grew out of serious strikes in major in- 
dustries, and as a result a great deal of the arbitration 
in those early days had to do for the most part with 
determination of the terms of the labor-management 
agreements. 
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There is a lot more historical data that is of interest 
to arbitrators but not necessarily to you industrial en- 
gineers. During World War I many strikes occurred 
and caused increased interest in arbitration and also 
caused serious consideration of compulsory arbitration. 
The post World War I years brought about progress 
in the arbitration of disputes over the interpretation 
and application of contract provisions. This progress 
is owed to agreements and procedures worked out be- 
tween the Amalgamated Clothing Workers and Hart 
Shaffner and Marx. Actually the apparel industry was, 
you might say, the foster parents of modern arbitra- 
tion. It is interesting to note, however, that today there 
is little or no arbitration occurring between manage- 
ment and unions in the apparel field. Not that the 
grievance procedure including arbitration isn’t in the 
contracts, it just is, I guess, that stability has been 
reached. 

Despite the above mentioned activity the total num- 
ber of arbitration cases up to 1929 wee less than the 
number of arbitration cases that occur in one year now. 
The great increase and acceptance of arbitration that 
we have today undoubtedly originated with the growth 
of collective bargaining which in turn was touched off 
by the passing of the Wagner Act in 1935. 

This brings me down to the present, and you all un- 
doubtedly have realized, as I've briefed the history of 
arbitration, that there are basically 2 kinds of arbitra- 
tion: 

1. Arbitration of terms (usually wages) to be’ in- 

cluded in a labor-management agreement, and 

2. Arbitration of disputes over the meaning and 

application of provisions in the agreements en- 
tered into by the parties. 

The first, mentioned above, occurs only occasionally 
these days and usually involves utilities or basic in- 
dustries. The steel industry, as you know, recently went 
through a long strike, and many times it was suggested 
that the issues be arbitrated. There also was some pres- 
sure for compulsory arbitration; however, voth sides 
resisted this pressure for which we all, as free Ameri- 
can citizens, should be grateful. 

It is the second category, however, that is of interest 
to us here today, and it is this category that I wish to 
expand upon now. 


Arbitration over the application of contract provi- 
sions covers an enormous number of subjects. The 
American Arbitration Association in a recent research 
report lists over 50 different categories of grievances. 
However, since I am addressing industrial engineers 
there is not much point in discussing such issues as 
discipline and discharge which include damage to com- 
pany property, absenteeism, dishonesty, insubordination, 
refusal to perform a job assignment, intoxication, fight- 
ing, sleeping on the job or such seniority issues as 
lay-off and bumping, promotion and bidding rights, re- 
call from lay-offs, computation of seniority or such 








other issues as vacations, holidays, union security issues, 
subcontracting, leaves of absence, call-in and reporting 
pay, etc. etc. While many of these items might con- 
cern industrial engineers, (and if you have questions 
I'll try to answer them during the discussion period 
following my address), there are a number of issues 
with which industrial engineers are directly concerned, 
namely: 


1. Job Evaluation 
and 
2. Incentive Plans 
and, occasionally, safety, hours of work, merit rating, 
job transfers, and bonuses other than incentive. 


While I have listed only two issues out of the many 
listed above that come before arbitrators as being of 
direct concern to industrial engineers, it should be 
pointed out that these two occur more ofter than other 
issues. In this same recent survey by the American Ar- 
bitration Association, of 1728 issues heard, 330 or 19% 
were job evaluation and incentive grievances, and if 
we include the other items with which you might occas- 
ionally be concerned, the percentage goes up to almost 


25%. 


Now these are facts, and yet I'd be willing to wager 
that not 25% of you have ever sat in on an arbitration 
hearing, concerning job evaluation and incentives, nor 
been asked to testify at an arbitration hearing. I also 
would be willing to bet that less than half of you have 
ever been asked to prepare material to be used for 
arbitration of job evaluation or incentive grievances. 


It occurs to me that there may be some persons in 
the audience today who cannot understand why job 
evaluation or incentives could cause a grievance that 
would come before an arbitrator. If there are such per- 
sons then they are going through life under the mis- 
apprehension that industrial engineering is an exact 
science. | hope that it comes as no surprise or as a 
shock to any of you, if I say that industrial engineering 
is unlike such engineering fields as mechanical, electri- 
cal, civil, etc., because we are not able always to measure 
accurately and without a shadow of doubt the inter- 
action of many of the elements with which we deal. 
This is especially true with one particular element with 
which we deal the most. This element has as one of its 
scientific names—“homo sapiens’—namely us, you, me, 
the boss, the shop steward, the employee; sometimes 
one, sometimes the other. Engineers in other fields have 
many differences of opinion as to how the elements 
about which they know a great deal will react, so it 
is not surprising that we who apply the scientific ap- 
proach to such an unknown, unmeasurable and volatile 
element’ as “homo sapiens’. should have difficulty in 
agreeing on most anything concerning this element. We 
are, despite the fact that we deal with this unknown ele- 
ment, seeking a goal, and that is the efficient and 
economic operation of an enterprise, and in order to 
accomplish our ends, we apply the scientific approach. 
This scientific approach in its application tries to mea- 
sure work pace, or how long it takes an average man 
to do a job, or measure the skill, the effort, the hazards, 
etc. that are in a job, but, as In sure you've all found 
out, these are difficult to measure, and differences of 
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opinion occur. Where there are differences of opinion 
there can be disputes, and disputes lead to grievances, 
and in labor relations grievances often lead to arbitra- 
tion. 


Job Evaluation disputes (so-called) are very often 
disguised requests for individual wage increases or ad- 
justments of incentive rates. However, what I intend 
to discuss and what I mean as job evaluation disputes 
that would usually concern industrial engineers are 
those grievances relating to the ranking of jobs within 
a more or less formal system or to the relationship be- 
tween one job and another. 


Usually these cases involve requests by the union for 
re-evaluation of certain factors such as “Education”, 
“Responsibility for Materials and Equipment”, “Ex- 
perience”, etc. These requests for reconsideration can 
be based on a number of things. Sometimes errors 
in the original evaluation are alleged, but more often the 
dispute is due to changes that have occurred in the job 
by changes in materials, product design, methods, etc. 
Then there are the cases that concern the question 
“should the work now being done by Jones, who is a 
laborer, be performed by a laborer or by a carpenter.” 


Typical of this are such grievances, and I quote some 
of the grievance statements that have been presented to 
me: 

(a) “My job description of Milling Machine and 
Shaper Operator is obsolete in that it no longer 
describes the required duties. I request that the 
description be rewritten and evaluated.” 

or 
“The job write-up on the North Dock Shipper 
states that we have good working conditions 
and this couldn’t be further from the truth, as 
we have all the conditions that prevail on an 
outside job.” 


(b) 


or 
“My job description and work has materially 
changed since original classification as tolerances 
are closer and larger work has been put on this 
job.” 


(c) 


or 

“The employees in the clean up gang (Spray 
Booth Cleaner) have been requested by the 
foremen to use wrenches. We maintain that all 
the wrench work done by the gang should be 
done by the men classed as Repairman-Small 
Shop Equipment.” 

Then there was one where the union challenged 
the figure of $1000 as the probable damage to 
a machine that might be caused by work errors. 
The union claimed that the figure should be 
higher thus seeking to increase the point value 
and thereby putting the job into the next higher 
labor grade. 


(d) 


(e) 


Now these are just a very few of the job evaluation 
grievances that I've had to decide, but they are quite 
typical. 


Turning to the second catezory of cases with which 
industrial engineers rned, namely incentive 
grievances, . would inc ww call to your attention that 
most of .lise grievances come about when either the 
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company or the union has sought to modify rates which, 
it was alleged, were either too “loose” or too “tight.” 
I've also run into many cases where the question was 
raised as to whether management had the right to re- 
time jobs unilaterally and set new rates, subject to 
later grievances, or whether once having been set, 
rates could be changed only by negotiation. Most col- 
lective bargaining agreements contain some provision 
for changes in ineentive rates where alterations occur 
in methods of production. The following are typical: 


(a) Whether the changes that occurred in produc- 
tion methods were sufficient to justify changes 
in rates, and if so, could the rate for an entire 
job be re-evaluated or were permissible changes 
limited only to the elements of the job that had 
undergone a change. 

“Downtime” is another type of case that creates 
difficulty, especially when employees on incen- 
tive could not maintain their regular production 
because of machine breakdown or for other 
conditions beyond their control are paid for the 
“downtime” on the basis of average incentive 
earnings, rather than at base rate. This often 
creates questions of fact, and these facts then are 
presented and I’ve had to determine whether 
the employee couldn’t earn incentive rates be 
cause of machine breakdown, etc., or whether 
he was deliberately slowing down as was claimed 
by the company. 

Still another question that I’ve had to decide 
was whether an incentive rated employee was 
entitled to his average earnings rather than base 
rates when transferred from an incentive job 
to an hourly rated job for the convenience of 
the company, and would it make any difference 
if he were transferred for his own convenience 
such as to avoid a lay-off? 

Then there's the whole area of simply being 
called in to check the standards established by 
management on a new job which the union 
claims are too tight. 


(b) 


(c) 


(d 


~~ 


These are the kinds of cases that usually concern 
industrial -engineers. Now the question is what can 
you do as industrial engineers to: one, prevent such 
questions as these getting to arbitration, and two, 
once they get there, win the case for your company or 
union. Oh yes, unions employ industrial engineers. They 
even employ industrial engineering consultants. I, for 
example, have worked for quite a few unions in the 
sense that they've employed me to check standards to 
obtain advice on new incentive or job evaluation pro- 
cedures systems with which they were unfamiliar. In 
one case, for example, a union in a flour mill had me 
check into whether one man could operate three mixers 
where formerly he had operated one. The company, as 
a result of changes in methods, including increased 
mechanization, had notified the union that this change 
was contemplated. The local union president was be- 
sieged by the mixer operators who claimed it was im- 
possible to operate three mixers in the manner the 
company was planning. Since the plan was still in the 
development stage no actual grievance could be filed. 
The union president decided he would hire his own 
industrial engineer to check the company’s industrial 


103 


engineers’ claims. The company was agreeable and I 
was called in as a representative of the union. 


This type of thing makes good sense to me and in 
my opinion indicates that some unions and their elected 
officials are practicising labor statesmanship. The com- 
pany in this situation could, of course, have refused the 
union permission to bring in their own industrial en- 
gineer, but they had, for the most part, a good and in- 
telligent relationship with the union and showed good 
statesmanship on their part by agreeing to the action. 


Taking up the first part of the question, or what can 
you do to prevent grievances occuring concerning in- 
dustrial engineering problems: The answer is relatively 
simple—not too much different than you probably are 
already doing or you know should be done. Of course, 
this latter is the problem, there are many things you 
know should be done, but you are not in a position to 
authorize the proper actions. 


I am sure that every industrial engineer here tries 
to be as honest as he knows how when he establishes 
a standard, rates a time study or job for a job evalua- 
tion plan; yet the union representing your employees 
often seems to be questioning your honesty. Many lit- 
erally believe you've “fudged” the figures so that the 
company that pays your salary will obtain some unfair 
or unearned monetary gain from the sweat of an em- 
ployee. In the past 25 years, I've been on all sides of 
this picture—I’ve been a factory worker, a full time 
management employee, a consultant to management, a 
consultant to labor, and an arbitrator. As an arbitrator 
I've handled several hundred cases in the last few years, 
most of which have concerned production standards and 
job evaluation, and if there is any one thing that I've 
noticed during all these years and through the varied 
experiences which most often cause these kinds of 
grievances, it is management secrecy. Far too many 
managements take the attitude that industrial engineer- 
ing data is sacrosanct company information. How the 
standards were obtained, the time study figures used 
to build up data, or the factors used to evaluate jobs, is, 
according to some companies, nobody's business but 
theirs and especially should be hidden from their em- 
ployees and their representatives, the union. There are 
also a few companies that take the attitude that they 
are not really hiding anything; it’s just that the union 
representatives don’t understand these technical matters 
and might misinterpret the figures, and this would 
cause even more trouble. This sort of thing is, of course, 
just plain “poppycock” (whatever that word really 
means, and if this weren’t a public meeting I could use 
somewhat stronger words ). 


I don’t think any of you need a course in psychology 
to know that when some one hides information from 
you, you become suspicious of either the person’s mo- 
tives or in the accuracy of the information that is being 
withheld. Therefore, my advice to you, if you work 
for such a company, is to get them to make such in- 
formation available to the union. Please now, if you 
quote me, and if you follow my advice, don’t think that 
industrial engineering grievances will disappear im- 
mediately; remember what I am now going to say— 
the mere opening up of industrial engineering informa- 
tion will not necessarily eliminate immediately indus- 











trial engineering grievances—after all, a company by 
just this action alone will not eliminate the union’s 
suspicions as to its motives. After all, the secrecy 
practiced by most companies is usually just one exem- 
plification of its attitude toward its union and collective 
bargaining agreements; changing this one aspect does 
not indicate to even the most naive union representa- 
tive a change in company attitude. Another way, per- 
haps, of explaining my meaning is to say that in most 
cases of labor-management situations with which I’ve 
been familiar, those companies who were open and 
above-board in all their dealings with their employees 
and their employees representatives—those companies 
that gave copies of their job evaluation plan or made 
available time studies, rating, or any other necessary 
data—have either had less grievances and arbitrations, 
or have found it easier to settle or win the grievances 
and arbitrations. 


It should be quite obvious from what I've just said 
that there is no “pat” method of preventing grievances 
and arbitrations, any more than there is any way to 
prevent lawsuits or any other actions that occur due to 
differences in opinion or differences in interpretation 
of agreements. 


Therefore, since even under the most amicable and 
agreeable contractual relationships, grievances will oc- 
cur; and where there are grievances, there often are 
arbitrations; and where there are arbitrations involving 
job evaluation or incentives, there should be industrial 
engineers. Of course, this is not always the case. I've 
served as arbitrator in a number of cases involving job 
evaluation and incentives where the industrial engineer 
did not appear for either side, and neither side used 
industrial engineering material that I'm sure must have 
been available. 


For the sake of avoiding a whole area that could be 
the subject of another speech, I'm going to skip over 
the grievance procedure until it has reached the stage 
when one party or the other has been notified that the 
grievance must go to arbitration. Once this stage has 
been reached, one of the first actiors that must occur 
is the selection of an arbitrator. Even in this matter 
controversy occurs, and it is difficult to obtain agree- 
ment as to whether it is better to have an industrial 
engineer as an arbitrator of job evaluation and incentive 
grievances, a lawyer, or an educator with some knowl- 
edge of such matters. 


Naturally some arbitrators who are not industrial 
engineers will and can find reasons why it is not neces- 
sary to have industrial engineers for arbitrators, or that 
it is even better not to do so. However, this is not my 
opinion, but then I, too, am perhaps prejudiced. It does, 
however, seem logical to me, and, I'm sure, it must 
seem logical to most of you in this audience that it 
would be best to have an industrial engineer umpire 
these technical cases. This is a reasonable position to 
take, because you feel that an industrial engineer will 
understand your language and methods. 


There are two factors that govern the selection of an 
industrial engineer as the arbitrator: 
In the first place, there are not too many industrial 
engineers who are arbitrators, and secondly, the 





union is not always willing to accept an industrial 
engineer as an arbitrator. 


Parenthetically, one is probably caused by the other. 


At any event, there are not too many industrial en- 
gineers who enjoy acceptability with unions. This is 
mot because the available industrial engineers are dis- 
honest, but rather because most of them are employed 
or are retained by management, and rightly or wrongly, 
are considered as employer oriented. 


I would like also to point out to you that the mere 
fact that a man is an industrial engineer does not 
necessarily guarantee that he knows how to carry out 
the rather complex duties of an arbitrator, which still 
must be followed no matter what kind of a grievance 
is involved. Actually you might be better off to use an 
experienced arbitrator whether he be a lawyer or educa- 
tor, than an inexperienced arbitrator who is an indus- 
trial engineer. By “experienced” I mean a man who 
has had substantial experience handling arbitrations 
concerning job evaluation and incentives. If you can’t 
obtain such a person then see that your collective bar- 
gaining agreement provides or that you gain agreement 
for the arbitrator to obtain technical assistance from an 
industrial engineer of his choice. 

Assuming now that you’ve agreed with the union on 
an afbitrator, your next step is to prepare your case 
properly, and to some extent the kind of preparation 
will depend on whether the arbitrator agreed upon is 
an industrial engineer or not. But whatever he is, there 
is no substitute for a well prepared case with document- 
ed material. 


It has been my sad experience, and often a resulting 
sad experience to a company, to find you industrial en- 
gineers called in almost as an afterthought and put on 
the witness stand by the Industrial Relations Director, 
Labor Coordinator, or “downtown” lawyer, who will 
proceed to ask you to testify that the standards or rat- 
ings are correct and that every scientific procedure 
known to man since Aristotle has been used to assure 
that the figures and facts used by the company are ac- 
curate, fair and incontrovertible. Now, maybe you'll 
fool some inexperienced arbitrator-lawyer or arbitrator- 
economist on his first case with that kind of testimony, 
but you'll never get anywhere with an experienced 
man, nor will a properly represented union let you get 
away with such a defense. 


There is only one way to defend what you've done, 
and that’s with the facts, honestly obtained and honestly 
and clearly presented, without a lot of industrial eng- 
ineering jargon and gobble-de-gook. This matter of 
using every day English is, of course, especially import- 
ant if your arbitrator is not an industrial engineer. Even 
if he is an industrial engineer, you’re better off using 
every day terms; for my part, I'm unimpressed by the 
industrial engineers or company representatives who 
spend all their time in a hearing trying to show the 
arbitrator how much more they know than those poor 
uninformed union representatives. Your job is to make 
the arbitrator understand, without being condescending 
or self-righteous toward him or the union. Your job, 
and you better get it across to the Industrial Relations 
Department that it is your job, is to gather the neces- 











sary technical material and all the substantiating infor- 
mation necessary and put it together in a presentable 
and understandable package. No one can do it better 
than trained industrial engineers. This does not mean 
that you shouldn’t consult and work with the indus- 
trial relations people. After all, they have training and 
experience that will be helpful. 


In closing, I think I should mention that even if you 
follow all the advice I've given, that even if all your 
information and facts are absolutely correct, the ar- 
bitrator may still rule against you. In your eyes, if he 
does, it’s obviously a mistake, or he’s an idiot. Maybe 
he did make a mistake, or maybe you didn’t give him 
all the facts so that he understood them, or maybe 
even you're the idiot. Whatever the reason you lost, 
there’s no need to cut your throat or quit your job, or 
even to decapitate the arbitrator. Just remember the 
arbitrator has done everything in his power and to the 
best of his knowledge, with the information available, 
to give a fair decision within the provision of the 
collective bargaining agreement. 


It is even quite possible that the arbitrator's decision 


may leave the beautiful well-balanced symmetrical sys- 
tem of your wage and job structure slightly askew; 
your incentive plan may have had some standards 
loosened or job evaluation factor incorrectly applied. 
This is, of course,*regrettable. It’s happened to me, and 
I've been plenty annoyed; and, I’m sure, decisions I’ve 
made have been annoying to other industrial engineers. 
But, as I've said earlier in this paper, industrial en- 
gineering at best is only a highly reliable and informed 
way of reaching decisions and cannot be compared 
with the physical sciences in its revelation of truth. 
Add to this that arbitration is also, perhaps in a less 
technical sense, an informed way of reaching a valued 
decision, and you will realize that the failure of an 
arbitrator to agree with you is possible, and that it will 
not destroy your company nor will it reduce your 
standing and usefulness to your company or union. 
Just remember that perhaps the arbitrator didn’t under- 
stand what you were saying—to paraphrase the old 
J 1 T maxim—"if the arbitrator hasn’t understood, the 
engineer hasn’t made himself clear.” Maybe in the next 
case you'll be able to do a better job of explaining what 
it was all about. 
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THE MANAGERIAL PROBLEMS OF INDUSTRY AND THEIR 
INDUSTRIAL ENGINEERING IMPLICATION 
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Consulting Engsneers, AIM Engineering Company, New York City 


HERE have been numerous studies conducted per- 
taining to the causes of industrial failure. Most of the 
surveys made reach the same conclusion: namely, that 
the most important cause of industrial failure is “in- 
adequate managerial skill”. 


This paper is intended to answer three relevant ques- 
tions pertaining to this conclusion: 


1. What is meant by managerial skill? 
2. In what specific areas does management fail? 


3. What can the Industrial Engineering profession 
do to alleviate these problems? 


MANAGERIAL SKILL 


Industry and business have become larger and more 
complex during the last half century; we have recog- 
nized the need for the development of techniques of 
science to replace guesses, estimates and appearances. 
Walter Rautenstrauch has defined scientific method in 
part as follows: “. . . Scientific method is used when 
judgment is based on measurement and not on guesses, 
rumors, beliefs. It is the method by which the ‘facts 
in the case’ are weighed. Since science is based on 
measurement, any situation which can be treated by the 
use of units, methods and means of measurement has 
reached its highest possibility of development in the 
matter of scientific treatment.” 


The challenge of effective management naturally in- 
creases as business size increases. Thus as 
business methods and products become more complex 
and relationships with other businesses, consumers, 
the union and the government more intricate, the need 
for skilled management expands materially. 


How well does industry measure? How well does it 
control? organize? apply scientific method? Where, 
why and in what specific areas does industry fail? 


THE PROBLEMS OF INDUSTRY 


We have concluded after much study and analysis 
that the three major problems of industry in their re- 
spective order are: 


1. Organization and the inability of management to 
properly delegate and control authority and responsi- 
bility. 


2. The lack of utilization of scientific management 
tools to provide the necessary data for management de- 
cision making. 


3. Lack of managerial action in the more important 
problems of management. 


Let us examine each of these problems. 
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Organization, or the lack of the proper functioning 
of the organization, is the single most important pro- 
blem of industry. The problem of organization takes 
form primarily through the lack of definition and dele- 
gation of authority and responsibility. The key to effec- 
tive organization is the delegation of authority. With- 
out delegation, organization does not exist for there 
would remain only a one-man company. 


A survey made by the writers a few years ago in- 
dicated that out of forty companies surveyed, eighty- 
five per cent reported organizational difficulties. 


The major factors attributing to ineffective organiza- 
tional structure are: 


—over dependence of the organization upon those 
who hold too much power, 


—excessive burdens upon executives who enmesh 
themselves in routine trivia, 


—the blockading of subordinate development and 
their dissatisfaction with the organization and company. 


—the overlapping of function and responsibility and 
authority. 


Organizational difficulties appeared to have stemmed 
from the fact that nearly all companies have grown 
from very small organizations where the delegating of 
authority was non-existent. As the company grows and 
more people are needed to perform the various func- 
tions, delegation of authority becomes a major prob- 
lem. The difficulty has been failure to recognize that 
there has been an organizational change that initially 
creates the problem; and top management's inability 
to revise their functions, and the functions of sub- 
ordinates as the company grows, that magnifies the 
problem. 


Numerous sub problems, such as poor morale, poor 
cooperative spirit among middle-management em- 
ployees and lack of advancement opportunities can be 
directly attributed to the poor structure of the organ- 
ization. 


LACK OF SCIENTIFIC MANAGEMENT TECHNIQUE 


I think it can be safely stated that the greater ma- 
jority of firms are not using techniques of standard 
costs, sales analysis and standards, time study incen- 
tives, methods engineering or what we know as In- 
dustrial Engineering. 


Specifically, industry is particularly weak in the area 
of costing and pricing. Costs of many different products 
and operations are lumped together so that analysis is 
difficult if not impossible. 


Prices are based on faulty and obsolete formulas. 








There is insufficient, improper and incorrect use of the 
break-even chart and profit and loss chart. In short, it 
can safely be said that industry is not taking full ad- 
vantage of Industrial Engineering technique in its ful- 
lest extent. 


THE PROBLEM OF MANAGERIAL ACTION 

The third major problem, lack of managerial action, 
is, of course, a direct outgrowth of problems one and 
two. The poor organization structure and lack of scien- 
tific data makes it impossible to take necessary action 
on specific problems at the right time. 


THE INDUSTRIAL ENGINEERING IMPLICATION 


I would like to pose two questions regarding the In- 
dustrial Engineering responsibility to industry: 


1. Is the Industrial Engineering profession solving 
the major problems of management? 


2. What techniques are necessary for the industrial 
Engineering profession to develop or expand upon in 
order to provide better service to industry? 


Are we, the Industrial Engineers, solving the pro- 
blems of management? I think it can be stated that the 
Industrial Engineering contribution to plant and office 
efficiency has been outstanding. 


What about our contribution to the field of organ- 
ization? pricing? sales analysis? profit control? 


In the field of organization I do not feel that we are 
doing as much work as we should. Industry's major pro- 
blem concerns itself with management's unawareness 
that the organization structure is inefficient and inef- 
fectual. It is this inability of recognition that impedes 
progress in this field. 


The questioning procedure that has been so success- 
ful in methods engineering should be used to a greater 
extent in the study of organization. I shall list several 
appropriate questions: 


1. Is responsibility of function coupled with the 
authority? 


2. Do the lines for responsibility and authority cross 
each other? 


3. Are the important functions of the organization 
being neglected? 


4. Are the secondary functions being overstressed? 
5. Are there duplications of function? 

6. Are executives unnecessarily burdened? 

7. Are subordinate executives being suppressed? 


8. Are the personnel of each function in accord with 
the duties of the position? 


9. Are specialists handling functions out of their 
line? 


10. Is the same executive handling several unrelated 
functions? 


Once the problem of organization is recognized and 
brought into the open, it is relatively easy to match up 
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the important functions with the adept personnel for 
that function. The organization must provide for lines 
of authority and responsibility that leave no gaps and 
do not cross each other. All responsibilities must be 
assigned, but no two men should be assigned the same 
function. 


Top management function is a coordinating duty 
rather than a mechanical function. As a rule, the co- 
ordinating function is largely a question of human rela- 
tions rather than a technical or mechanical matter. The 
majority of managements we have come into contact 
with fail in that respect; hence, the cause of the organ- 
ization problems. 


In many companies foremen perform mechanical 
and repair functions, top management performs staff 
functions and middle management is trying to fill the 


Zaps. 


In order to advance, industry must be cognizant of 
such situations and take the necessary reorganization 
steps immediately as the need arises. It is the Industrial 
Engineering function to make top management aware 
of inefficiency of the organization structure. 


PROFIT CONTROL 


In the field of profit analysis the Industrial Engineer- 
ing profession is not doing as much work as we should. 


I point in this field to the work popularized by Pro- 
fessors Rautenstrauch and Villers in their many writ- 


ings. 


I think the first step in any Industrial Engineering 
problem is the calculation of the profit structure. By 
profit structure is meant the amount of profit or loss 
that can be expected for any period prior to the start 
of that period. 


The profit structure is calculated by the following 
formula: 


Total Expense equals Y equals a plus bx 

a equals fixed costs or costs that do not vary with 
sales 

b equals ratio of total variable expenses to sales 

x equals sales 


By adding the fixed and variable costs together in 
that ratio we can derive the total cost for any sales 
volume or the profit at various sales volumes. 


The importance of the profit structure is that it 
enables management to know what its profit. picture 
will be before the period begins. Furthermore, and even 
more importantly, it enables management to take action 
upon its profit structure in order to convert undesirable 
operations to more desirable ones. 


It is possible to subdivide the profit structure into 
any number of divisions, i. e., departments, branches, 
products, line of products, etc. It becomes easy to es- 
tablish standard costs from the profit structure analysis 
and from it compare the actual costs as the period pro- 
gresses. 


PRICING 


We, as a profession, are doing very little in the pric- 
ing field. 


A recent National Industrial Conference Board Sur- 
vey revealed that less than three per cent of 155 com- 
panies taking part in the survey follow clear cut pro- 
cedures in setting prices. Of course, many companies 
that use formalized pricing procedures use faulty and 
obsolete formulas 

Most companies that we have come into contact with 
use the following procedure or one similar to it. 


They add the following costs: 
1. Labor 
2. Materials 
3. Selling (figured 
at 10% of material 
labor ) 

. Overhead or Burden 
(figured at 200% 
Material & Labor) 

5. Total Cost 

6. Profit 
(add 25%) 


Selling Price 


$10.00 
5.00 


eeeereeeeeees 


ee eeeeeeeeeeee 


} 


The major problem concerned with pricing is the 
computing of the overhead burden costs to the product. 
Most companies, as shown above, express the overhead 
figure as a percentage of material and labor. It can be 
clearly shown that the overhead cost does not vary in 
direct relationship to material and labor. 


Overhead fixed costs vary only in relation to sales 
as can be shown below. 


Assuming a fixed cost of $3,000.00 per month, the 


ratio of fixed costs to sales will be as follows for vary- 
ing sales volumes. 


SALES FIXED COST RATIO FIXED 
$ 5,000 $3,000 COST-SALES 
8,000 3,000 60 
1 1 ,000 3 ,000 37 
14,000 3,000 27 
21.4 


Ay 


Fixed costs are costs incurred in operating the busi- 
ness, not a cost in producing the product. 


The correct pricing procedure must eminate from 
the desirable profit structure. Each item or products 
price must conform to the overall profit structure. Only 
by pricing through estimated variable costs as a per- 
centage of sales can this*be accomplished. 


SALES ANALYSIS AND STANDARDS 


The area sales analysis and sales standards can be a 
most fruitful one for Industrial Engineers. 


Once we have established an optimum profit point 
from the. profit structure, we can select a feasible sales 
point to become the sales standard. The sales depart- 
ment can then be organized to reach that point. 

Sales standards can be established along the same 
basis for each salesman and on a monthly basis. 


In companies where we have applied sales standards, 
the results have been particularly gratifying. Most com- 
panies use last year’s sales as a standard, rather than the 
more optimum point as shown. by the profit structure. 


SUMMARY 


I have discussed the problems of management and 
it can be stated that the three most important confront- 
ing industry today are: 

1. Management organization 
2. Management technique, and 
3. Managerial action 


As Industrial Engineers we must increase our services 
and techniques in the fields of organization analysis, 


profit control, pricing analyis and sales methods and 
standards. 
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IMPROVED GOVERNMENT THROUGH 
INDUSTRIAL ENGINEERING 


by L. R. BECHT 
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the field of Industrial Engineering, mainly in the areas of work measure- 
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number of engineering seminars. 
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IMPROVED GOVERNMENT THROUGH INDUSTRIAL 
ENGINEERING 


by LAWRENCE R. BECHT 
Production Eng. Supt., NAS, North Is. 


URING this session of the conference, we shall ex- 
plore a special area of industrial engineering that, in 
sheer magnitude of size and scope, far surpasses any 
problem areas that most of you have ever been asked to 
deal with. We shall also pose one of the greatest man- 
agement challenges in the world—which YOU, as in- 
dustrial engineers, more than anyone else, should be 
able to handle. 


In addition, we will examine the vast parameters of 
governmental operations—analyze that nebulous in- 
dividual known as the government employee—show 
what has been accomplished in public service to date 
through industrial engineering—outline what the in- 
dustrial engineering profession can do in the future for 
government—and, if time permits, we'll try to answer 
a few questions that, it is hoped, this discussion may 
generate. This may get a little stormy in spots but, as 
Charles Kettering so aptly put it, ‘no one would ever 
have crossed the ocean if he could have gotten off the 
ship in the storm’. 


1. THE GOVERNMENT EMPLOYEE—You see 
standing before you a perfect specimen—a specimen of 
that purportedly disreputable group of egg-headed 
characters known as bureaucrats. Yes, | am a govern- 
ment employee—and, I might add, I’m very proud of 
it. But it is time that we receive intelligent, courageous, 
knowledgeable help—from you—and you—all of you— 
to dispel the flossy cloak of disrespectability that seems 
to surround those of us who have chosen to serve the 
government. 


There appears to be a sort of oscillating confusion 
about government employment—at the Federal, State, 
and Local levels. And there is a disturbing extrapola- 
tion or connotation on the omnibus term bureaucrat— 
in the category of a dirty word—with poorly veiled 
undertones in the direction of pampered and coddled 
sedentary neophytes. 


As an opening gambit, let me give you a prime exam- 
ple of what I mean. A friend of mine, an executive in 
a local industrial plant in a joking vein gave me this 
little gem—I assume that it was composed by one of 
his subordinates (on company time, of course)—in 
any event it goes like this . . . Now I know that this 
was just meant to be humorous, good for a few sophis- 
ticated laughs, I suppose—but, despite my thick skin, 
I'm getting just a little sensitive to this incestuous in- 
breeding. You see, 1 know from personal exposure that 
this is a completely erroneous portrayal—and, inciden- 
tally, I have spent many more years in private industry 
than in government—and this time was spent with 
three of the largest corporations in the United States. 
I know that the average government employee is a 
hardworking, dedicated, loyal, and competent worker. 
Let there be no misunderstanding on this point. 


The scope and magnitude of government operations 
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almost defies the imagination—as you will see in a 
few moments: The thousands, yes millions, of govern- 
ment people backing these operations are not standing 
still—and they are mot playing dead by any stretch of 
the imagination. They are driving forward with a re- 
alistic evaluation of practical needs—based on a sound 
credo of economic justification. No apology is needed, 
and none is being made—these are employees of the 
highest calibre. Permit me to read a quote or two that 
bears on this item: The American Assembly, a non- 
partisan program conducted by Columbia University, 
has this to say: 


“Our observations have demonstrated that Federal 
employees of all ranks are, by and large, as competent, 
loyal, and devoted as employees found in private enter- 
prise. The maximum efficiency of these employees, 
however, will never be achieved without a fundamental 
change in the attitudes toward public employees on 
the part of the American citizenry and their leaders. As 
a people, we can no longer afford the luxury of unin- 
formed and unreasoning deprecation of public em- 
ployees. Deep-seated and long-standing biases and 
misconceptions must be rooted out of the American 
folklore relative to Government and public employ- 
ment.” 


Many leading citizens have also become concerned 
with the need for better public understanding and have 
spoken out strongly in behalf of the career employee. 
These are successful business men who have come into 
government to serve temporarily in important posi- 
tions. Typical is the comment of Clarence Randall, 
Chairman of the Board of Inland Steel and former Head 
of the Commission on Foreign Economic Policy who 
stated in LIFE Magazine: 


“As the days passed into weeks and the weeks into 
months, I found growing in my mind a new respect, 
and in my heart a warm affection, for many career 
men. I came to know them well, and comparing them 
with men of like age in business, I rated them high. I 
found at every level in government individuals whose 
unselfish dedication to the services of the United States 
was an inspiration.” 


Mr. James C. Worthy who left Sears, Roebuck and 
Company to become Assistant Secretary of Commerce 
declared: 


“The businessman coming into Government is likely 
to find a great many able people in the career. service, 
people he would very much like to have in his own 
business; and whom, if they were in his own business, 
he would be willing to pay far more than they are 
earning now. | hope that as I go back to private life, I 
will be able to help correct some of the mistaken im- 
pressions which prevail in certain quarters about the 
kind of people who work for the government. I can 
say in all sincerity that for hard work and patient de- 





votion it would be hard to find their equal in any line 
of endeavor.” 


Just one more, H. Lee White, former Assistant Sec- 
retary for the Air Force, as he returned to his private 
law practice stated: 


“I have been much impressed by the quality and 
character of those Civil Service employees with whom 
I came in daily contact in the Air Force. It is my belief 
that, on the average, a Civil Service employee has equal 
if not greater ability than his opposite numbers in pri- 
vate industry. It is too bad that the ordinary citizen in 
the United States does not realize how much he owes 
to those people who have given up the opportunity to 
make a great deal of money in order to work in the 
most important work of all—for the government.” 


There are many, many more just like these—un- 
solicited and publicly stated on the record. Accordingly, 
as an incidental but pertinent part of this session’s 
presentation, in all numbie sincerity, | earnestly invite 
your intelligent and professional cooperation in bring- 
ing to the general public a fuller appreciation and a 
better understanding of the unselfish dedication of the 
government employee. I appreciate that this matter of 
winning public recognition is much more involved 
than just asking for it. It is unfortunate that publicity 
and recognition are not logical phenomena. We are 
not particularly concerned about publicity—we are tre- 
mendously interested in your constructive recognition. 


2. SCOPE OF GOVERNMENT OPERATIONS— 
Now, let's examine the scope and magnitude of gov- 
ernmental operations. At the present time there are 
about 71,000,000 workers in the total U. S. civilian 
labor force. Of this total, there are 7,800,000 that are 
employed by the government as follows: 2,200,000 
work for the Federal Government and 5,600,000 work 
for State and Local governments. I’m not going to bore 
you with a host of statistical detail, but I did want to 
give you a brief glimpse of the parameters that we are 
discussing. If you are truly interested in a detailed 
breakdown of the national labor force you may easily 
obtain such from the Bureau of Labor Statistics of the 
Department of, Labor. However, mere numbers are 
never enough—they require intelligent interpretation. 


Some of you may feel that a ratio of one govern- 
ment worker to every nine of the total labor force is 
a bit lopsided. I've even heard some—people remark 
that it’s outrageous. But just pause for a brief moment 
—and think. Let me enumerate just a few of the many 
services that you and I receive—such as: fire protec- 
tion, law enforcement—including all of the courts, ed- 
ucation (2,400,000 alone), agriculture and forestry, 
national defense, tax collectors, printing of money, 
highways and waterways, legislative bodies, social se- 
curity, postal service, public utilities, and the list goes 
on almost ad infinitum. These are services that YOU 
asked for—that YOU approved. So, obviously, YOU 
must be responsible for the cost amd the management 
of these services. Remember, if there are problem areas 
in government, we should try to fix the trouble—not 
just fix the blame. The search should be for the area 
and how to correct it—not for a scapegoat upon which 
to pin the blame. 
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Let's look at one of these services, albeit one of the 
larger ones, the Post Office Department. There are 
some 540,000 postal employees working out of about 
36,000 post offices of all classes. Last year this De- 
partment processed 61 billion pieces of mail, weighing 
over 11 billion pounds. Based on an average of ten 
handlings for each piece of mail, this represents 610 
billion piece handlings per year. It is reliably estimated 
that in the next 20 years this figure will almost double 
—treaching 110 billion pieces annually. Staggering? 
Big business?—The biggest! Please note that here you 
have one of the cheapest, yeti most utilitarian services 
that we are fortunate to receive—and still there are 
some individuals who bitterly oppose even a one-cent 
increase in postal rates. This may give you a quick feel 
for the kind of ball park we are in. 


3. I-E ACCOMPLISHMENTS TO DATE—Now, 
there have been many, many noteworthy industrial en- 
gineering accomplishments during tne past tew years 
within government agencies. The concept of industrial 
engineering as applied to public services operations is 
still somewhat new—but it has a very promising start 
—and, with the help of properly qualified profession- 
al personnel, it will practically revamp many phases of 
public administration—particularly if it is based on 
practical rationalization rather than managerial leap- 
frogging. 

I am going to by-pass Local and State government 
bodies—for two very good reasons, namely (1) to 
date, on most instances, they have done very little, 
practically nothing, to encourage the utilization of 
sound industrial engineering techniques and (2) 
speaking quite frankly, they are generally clobbered 
with local or partisan politics that would stifle any 
constructive improvement programs—and there is 
nothing more distressing than the insatiable hunger 
of constituent interests. Of course, there are some ex- 
ceptions—like Dallas and Fort Worth, that have fine 
outstanding local governments. Peculiarly enough, City, 
County, and State administrative officials generally are 
paid much higher salaries than Federal personnel hold- 
ing equal or, in many cases, much more responsible 
positions. 

Accordingly, I'll direct my remarks primarily at Fed- 
eral government agencies, and particularly at Depart- 
ment of Defense Departments with which I am most 
familiar. Prior to 1940, there was a congressional stat- 
utory prohibition against time and motion studies in 
government areas. As you might suspect, this had a 
very salutory curtailing effect with respect to any sub- 
stantial management improvement programs. However, 
since about 1945, the growth and acceleration of in- 
dustrial engineering applications within the Federal 
Government have been rapid and widespread; not all 
that we may have wished for, but certainly most en- 
couraging. 


The Post Office Department—as a case in point, 
is beginning co reflect this management improvement 
trend under the extremely capable leadership of Wade 
S. Plummer, Director of Research and Engineering. In 
1952, just seven years ago, there were only ten people 
in their centralized engineering group—it has now 
expanded to 125 plus more than 150 on a consultant 

















basis. And there are now 15 geographical Regional 
Offices, each headed by a Regional Operations Director, 
with a staff of five to ten engineers. In 1957, the 
Work Performance Standards System was _ installed 
and now 78% of the direct man hours are covered by 
direct standards. During a recent four-week accounting 
period, the actual man hours reported under the system 
exceeded 13,000,000 man hours. It is expected that 
the standards coverage soon will apply to approxi- 
mately 200 million man hours on an annual basis. This 
is truly realistic progress—and completely free from 
any man-made industrial cheese-cake. Remember now, 
the processing of mail is not (as many believe) a 
routine affair. The mailing public deposits its mail in 
various receptacles and stations throughout the city at 
all hours during the day with the heaviest concentra- 
tion usually between four and seven P. M. It is neces- 
sary to collect and process this mail in a very short 
time so that it may be dispatched advantageously on 
common carriers. Conversely, mail arriving from other 
cities to be delivered locally vary in volume and time 
of receipt throughout the nation. All of this calls for 
a flexibility and coordination of the highest degree. 


Facilities planning is another major study area in 
the Post Office Department. The principal method at 
the present time for obtaining new facilities is the 
commercial leasing program. Private capital is invest- 
ing an average of more than $5,000,000 a month in 
new postal buildings. Despite these current improve- 
ments in facility developments, it is readily apparent 
that the great growth of mail volume can only be met 
by a complete rehabilitation of the physical plant. It 
is estimated that this program will require an expendi- 
ture of about $2 billion of which $1.5 billion would 
be invested by private capital. And don’t forget that 
postal operations vary from a one-man operation in a 
c1oss-roads store to the hugh centralized operation of 
18,000 employees in Chicago and the contrasting de- 
centralized operations of New York City which em- 
ploys 35,000 people. 

As a Chief Industrial Engineer, how would you like 
to get up each morning with the soul-wrenching know- 
ledge that at the end of that particular day, your de- 
partment would have operated at a loss of $2 million? 
Yet, despite all of the truly commendable efforts of 
the postal administration, this happens every day to 
the Post Office Department. God willing, with con- 
tinued dedicated efforts—and a slight increase in post- 
age (say one cent) this enigma will be resolved. 
What a challenge this is to industrial engineering! 


Let's take a quick look at the Department of De- 
fense. The Army has been very progressive in the in- 
dustrial engineering field—utilizing some 3,000 
management engineers on a large variety of manage- 
ment improvement programs. Significantly enough, all 
but 144 of these engineers are being paid /ess than the 
average industry rate for professional non-supervisory 
industrial engineers—and yet they contend with an 
annual budget of $10 billion! Last year, in work sim- 
plification alone, a savings of over $7 million was 
realized for a return of 19 to 1 on each dollar invested. 
They have developed excellent manuals on Motion 
Economy, Flow Process Charting, and Management 
Improvement. The annual management improvement 
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reports from the various Army technical services and 
commands are extremely well done. Here are a few 
reported. outstanding examples: The Corps of En- 
gineers implemented 2,329 improvement projects last 
year resulting in savings of $23,000,000; Army Head- 
quarters—$1,906,000; the Third Army at Fort Mc- 
Pherson, Georgia, 107 projects during the last half 
of the Fiscal Year 1959 with an annual savings of 
$692,000; and so the record goes—from large projects 
showing savings of hundreds of thousands to small but 
nonetheless equally important items of a few thousand 
—all contributing significantly to a more econamical 
military operation, a more effective soldier and a 
stronger U. S. Army. No doubt about it—the Army is 
doing a fine job. 


The Air Force is also rapidly coming to the fore in 
the management improvement area. Being still a 
somewhat young organization, it has not yet had a 
full opportunity to flex its muscles in the industrial 
engineering field—but it is quickly getting there. 
Here are three manuals put out by the Air Force on 
Work Measurement, Work Simplification, and Man- 
agement Engineering Project Administration. I will be 
quite frank to say that for completeness, sound ap- 
proach, and clear definition, I personally have not seen 
anything in private industry that is any better—or, 
for that matter, will even match these fine Air Force 
management-type publications. 


You might properly assume, and rightfully so, that 
1 could also expecund for several hours on the Navy's 
fine industrial engineering achievements—all, of course, 
in a complimentary vein. The Navy 4as made tremen- 
dous gains in this area—particularly in work measure- 
ment, mechanized production control, value engineer- 
ing, and paperwork management. The former Bureau 
of Ordnance (now combined with the Bureau of Aero- 
nautics to form the Bureau of Naval Weapons) has 
been a consistent leader in Naval industrial engineer- 
ing techniques. The Navy Management Office has also 
been doing an outstanding job towards stimulating and 
guiding Navy efforts in this field. There are many in- 
stances where Navy industrial engineers have been 
instrumental in achieving substantial savings in opera- 
tional functions. Industrial engineering is now becom- 
ing one of the most potent management tools in the 
Navy system. However, there nave been roadb!ocks— 
and (quoting from the December Navy Management 
Review) they are worth noting. “The biggest has been 
the lack of complete understanding on the part of the 
manager. Some managers simply do not know what in- 
dustrial engineering attempts to accomplish. They do 
not effectively use the data which production or cost 
control programs furnish them. Since proper use of 
data is the key to any positive results, management's 
failure in this area is the major impediment to complete 
success. A second problem in industrial engineering 
efforts has been lack of funds for redesigning older 
facilities and installing modern material handling equjp- 
ment and new processing techniques. Program stabili- 
ty has also been a problem. It generally takes a few 
years before industrial engineering techniques can be 
fully applied and before positive results are shown. A 
turnover in personnel during this period may bring in 
persons who have no understanding of a program that 





started several years before they came to the activity. 
As a result, they may fail to give it the needed support. 
Nevertheless, despite these roadblocks, any objective 


analysis of industrial engineering in the Navy would 
have to judge the program as a solid success.” There 
is a commendable realization here that efficient man- 
agement cannot be achieved by the mere expedient of 
waving a magic wand sparked with sucha sonorous 
phrases as automation, data processing, numerical con- 
trol, brainstorming, or what have you. These are ad- 
mittedly useful techniques—but they are dangerous 
and costly in the hands of the uninitiated. 


One final comment on accemplisiments, since Dec- 
ember 1954 the Federal Government has saved $558 
million as a result of its employee suggestion program. 
It has paid out $40 million in cash to alert employees, 
or about $1 for every $18 saved. 1959 was the fifth 
consecutive year in which mew records were made in 
the number of economy suggestions that were sub- 
mitted and adopted. 


While a good many people plunge ahead on space- 
happy excursions, someone has to tend the store and 
get out the day-to-day functional hardware. We, in 
government, have to guard against overdoing the power 
of positive thinking by maintaining the proper con- 
cept of balance. This requires recognition of the basic 
principles that with mass goes weight, that quality is 
accompanied by cost—and that specialization breeds 
inflexibility. In simple terms this means that ‘govern- 
ment for the people’ is a 24-hour, 365-day, year-after- 
year responsibility. Suffice to say that it is getting done 
(bureaucrats notwithstanding) with obvious increasing 
effectiveness. The reco:d itself will attest to this. 

4. POTENTIAL I-E AREAS—As you can readily 
see, there are many government areas that lend them- 
selves to industrial engineering techniques. Although 
the Federal Government is the largest single employer 
in the nation, these techniques can apply equally well 
to Local and State organizations. Industrial plants, sup- 
ply and public works centers, transportation systems, 
huge clerical units, personnel handling, research cen- 
ters, and general administrative offices—all of these 
are fertile areas for industrial engineering—almost beg- 
ging for attention. 

From a functional standpoint, work measurement— 
particularly utilizing work sampling—probably leads 
the way, followed closely by work simplification, me- 
thods improvement, facilities planning, organization 
planning, cost reduction, paperwork management, bud- 
getary analysis, management surveys, production con- 
trol—well, you name it, and I'll guarantee we need it. 
Actually, the Federal Government is making com- 
mendable headway (though not enough) in most of 
these functional areas. Local and State government de- 
partments offer the greatest potential since this is al- 
most virgin territory from an industrial engineering 
standpoint. Public administration, at the Local and 
State level, for some strange reason has steered shy of 
industrial engineering—preferring to fall back on 
people with business administration degrees or back- 
grounds. I am firmly convinced that many local de- 
partment heads actually fear improvement programs 
anid dread loss of personnel (which they relate to sta- 
tus). In these latter instances, I must confess that I 
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bow to the implacable reality of Parkinson's Law. 

If we are truly—and I repeat TRULY— interested in 
improving government operations, in reducing govern- 
ment costs—and taxes, then we don't have to resort to 
any other approach than the tried and true field of in- 
dustrial engineering. It is as simple as that. Nothing 
complicated, no blue sky sophistication, no romantic 
or dreamy exotic spellbinding formulas—just plain 
old work measurément, organization planning, methods 
analysis, et cetera. Sound new? Of course not. 


5. PRO’s AND CON’s FACING I-E IN GOV- 
ERNMENT—Perhaps we should inspect some of the 
advantages and disadvantages that relate to the indus- 
trial engineers in government. On the negative side 
are such items as low pay (by far the saddest factor), 
the wearisome red tape and historical archaicness of 
civil service procedures, severe recruitment and job 
qualification limitations, extremely slow personal ad- 
vancement due to congressional restrictions, the frus- 
tration of tardy improvement implementations, the lack 
of facility funds (mostly Federal), the lack of appro- 
priate personal recognition or prestige (except for 
elective officials) and, finally, the extreme difficulty 
encountered in removing unsatisfactory employees. 
There have been innumerable surveys, Hoover Com- 
mission Reports and similar studies—all designed to 
produce constructive end results; but positive personnel 
improvements have been very slow in developing. The 
Armed Forces Management publication just last Dec- 
ember bluntly stated in an editorial, “In our free enter- 
prise system, the easiest way to pull top people into 
government is to pay them enough to make it worth 
their while. Instead we try to rely on devotion to cause 
and country.” Some day, it is hoped that a righteous 
ground swell of public opinion will insist on remedial 
therapy in this area. 


There is, of course, a plus side to the ledger—and it 
has some strong arguments. There is an excellent re- 
tirement plan, complemented by equitable insurance, 
vacation and sick leave provisions. There is solid job 
protection (security) against personal bias—and_ in- 
cidentally, I've seen the unfortunate converse of this 
in some private industrial firms. Because of existing 
recruiting difficulties, and the consequent internal spar- 
sity of rugged competition, really good people have a 
prompt entre’ to attractive promotional openings as 
they occur. Finally, but perhaps most significant, here 
is a real opportunity for a life-time of truly dedicated 
public service. Service that you can be justly proud of 
—in behalf of this great country of ours. A shining 
example of such dedication, I'm sure you will all agree, 
is exemplified by J. Edgar Hoover, the hardworking, 
capable and loyal Director of the Federal Bureau of 
Investigation. 


I'll not corrupt the word ‘loyalty’ as a means to cover 
defections in civil service practices. I believe it was 
E. F. Tangeman who stated that “loyalty is a very im- 
portant idea in an organization; it is essential to morale 
and even to survival. But the concept must be thought- 
linked, not emotion-linked. Every time loyalty is a cri- 
terion, these questioi asked: Is this just an 
easy ‘out’ A subticute ror thought, action, or facing 
facts? \ wav to cover up bungling? A virtuous-sound- 
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ing echo to a quietly passed buck? A synonym for 
something-for-nothing? I sincerely hope that the un- 
questioned loyalty of Federal government employees is 
not being subjected to such pious maneuvering. 


6. THE CHALLENGE—The closing of the past 
decade, the ‘fifties has seen some momentous changes 
in research, technocracy, and industrial developments. 
Concepts that were new or unknown at the beginning 
of the decade are now thoroughly accepted without 
question. The ‘sixties will bring even more startling in- 
novations. Explorations of the universe, other planets, 
the interior of the earth, the floor of the ocean—all of 
these hard-to-believe accomplishments and their ac- 
companying gadgetry stagger our imagination. But I 
doubt if there is one person in this room today that 
seriously questions the feasibility of these things. 


It is hoped that, during the ‘sixties, equally startling 
improvements will take place in the area of govern- 
ment operations. Sporadic efforts are being made to 
de-emphasize the superficial and re-emphasize the 
essential. But opinion on essentiality is worse than div- 
ided; it is confused and too often based on tax bills, 
personal offspring, or prejudice rather than the ‘great- 
est good for the greatest number’. Edward Young, more 
than two centuries ago, wrote “Procrastination is the 
thief of time.” It steals more than that; it also steals 
our self-respect, our fun, even complete realization of 


our ambition. This, then, is the challenge that I give to 
the AIIE and the industrial engineering profession as 
a whole. It includes: 

a. Contributing, in some manner, to efficient, ef- 
fective government operations, 

b. Reducing the over-all costs of government. 

c. Making this prosperous country of ours an even 
better place to work, worship and play—and 

d. Perhaps more than anything else, to help this 
great nation more effectively pave the way to lasting 
world-wide peace. 


This takes a lot of doing, courage, sacrifice, and ded- 
ication—and YOU, the industrial engineers, more than 
anyone else, can make this possible—can get the job 
done. This is not an idle homily. It is a bold, daring, 
gauntlet-tossing credo especially designed for brave 
men. You must continue in your efforts to do more, to 
beat competition, to establish new goals, to find new 
approaches, to develop new techniques—and above all, 
to help make a better goveinment. If this isn’t a 
worthy challenge, then I've never seen one. And, unless 
I underestimate your talents completely, YOU—as in- 
dustrial engineers, will meet this challenge—and get 
the job done in an outstanding manner. We need you 
—the government needs you in whatever constructive 
manner you may wish to contribute. How about join- 
ing the team! 
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THE NEXT DECADE IN OPERATIONS RESEARCH 


by HAROLD O. DAVIDSON 
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DECADE AGO we in industrial engineering were just 
beginning to hear of Operations Research. Some of us 
were seriously exploring “OR”, trying to find what it 
was about and how it related to industrial engineering. 
As many have learned since, that was no easy task. 


The reason for our inquiries was a sense of deep con- 
cern over the indifferent progress that had been made 
in industrial engineering tecanology since its emer- 
gence from the Taylor era. Indeed, we were not quite 
sure but what an appreciable number of our group had 
stayed behind. The profession seemed to be restizg in 
a state of myopic contentment, unable to visualize any 
role in our changing industrial society other than that 
it had occupied for the preceding twenty years. 


About the only significant change that had occurred 
in the technology was a belated adoption of statistical 
methodology in quality control and the beginnings of 
its application in other areas. And even in tais instance 
the industrial engineer seemed to fall backwards into 
the opportunity before he became sensible to it. The 
early development of statistical quality control had been 
done in the 1920's, yet by the beginning of World 
War II there was still no general awareness of its exist- 
ence among industrial engineers. The nation’s need 
for technical competence in establishing extensive sta- 
tistical quality control applications in defense produc- 
tion was filled for the most part by mathematicians 
and statisticians. It seemed, in short, that industrial 
engineering had done a miserably ineffective job of 
meeting the challenges of a dynamic industrial society. 


This, however, was not quite the whole story. The 
managements who employed industrial engineers had 
if anything ar even more narrowly constricted view of 
what the industrial engineering function should be in 
a modern enterprise. Many, and probably a majority, 
used “industrial engineer” as a title for time study and 
work simplification technicians and through the con- 
sequences of this categorization stifled professional 
development. The average consulting service in the in- 
dustrial engineering area during this period was only 
slightly superior as an avenue for professional develop- 
ment. 


It seemed then, when we looked at Operations Re- 
search, that it might well have been sub-titled “the lost 
opportunities of industrial engineering.” The problem 
areas of emergent importance in American industry and 
the advanced methodology that industrial engineers had 
ignored were being attended to by others. There was 
already formed an association for what was variously 
referred to as a new “profession” of Operations Re- 
search, or a new field of “science”. Had industrial en- 
gineers lingered too lone in their somnolence? Was 
“industrial engineering” to become, like “scientific 
management”, an historical episode? 
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The answer hung by a slender thread—the newly 
founded American Institute of Industrial Engineers. 
Unassociated individuals were clearly incapable of gen- 
erating a sufficiently powerful motive force for pro- 
fessional development of the field. Previous societies in 
the field of industrial engineering had failed to de- 
velop such a force. The future of industrial engineering 
depended, it seemed, upon the AIIE becoming at least 
a leading, if not a governing, instrument for profes- 
sionalism in the field of practice and a stimulating 
agency for the development and dissemination of ad- 
vanced methodology. In 1950 it was too early to be 
sure this would happen. 


Toward the end of this decade the answer seemed 
assured. AIIE was not yet everything that it needed to 
be, but tremendous progress in the right directions had 
been achieved and the vitality of sustained development 
had been demonstrated. Another heartening develop- 
ment had occurred. The leading Departments of In- 
dustrial Engineering in American colleges and univer- 
sities had become fully alert to the need for moderniz- 
ing the curricula and hardening the technical content. 
Graduate programs in industrial engineering were being 
organized to an increasing extent around a core of ad- 
vanced mathematics and “operations research” method- 
ology courses, and a trend for graduate academic prep- 
aration for Operations Research to be centered in a 
Department of Industrial Engineering was clearly es- 
tablished. Some of the best programs developed dur- 
ing the decade were at the graduate level in Industrial 
Engineering. This was strong encouragement that in 
the vital area of academic preparation, industrial eng- 
ineering was recovering “lost opportunities.” 


This development of industrial engineering in the 
“OR” direction was basically sound and will undoubt- 
edly be sustained. We must not, however, misunder- 
stand its significance. It was not, as it may have appear- 
ed, a contest for the absorption of Operations Research 
into Industrial Engineering, as against the establishment 
of a separate “OR” profession. There were, rather, two 
separate contests. 


The challenge to industrial engineers was for pro- 
fessional development to the level required for effective 
participation in operations research activities. Because 
the development was required in any case for industrial 
engineering, and was already past due, this was a fruit- 
ful contest. 


In the other contest, partisans for a new “OR pro- 
fession” jousted with a quixotic challenge. At the heart 
of it was the (to some) disturbing recognition that the 
scientific pursuit of knowledge leads into the galleries 
of mathematical, physical, biological, and behavioral 
sciences. The branchings become more numerous and 
narrower as we pass finally into the “basic disciplines” 











and their sub-disciplines. They are, so to speak, like 
tunnels into the earth—not a part of nature’s structure 
but a system of human artifices that enable us to con- 
jecture parts of a structure that we are unable to know 
in its entirety. 


To interconnect the results of these diverse probings 
has been a major concern of the greatest human in- 
tellects. The mechanism for doing this might be likened 
to imagining a connective tunnel (idea) and then 
attempting to establish it. Einstein's contribution of 
unified field theory to Physics is an example that illus- 
trates the extreme diffulty of the objectively formal 
synthesis that science required. lt is not surprising, 
then, that however much scientific knowledge we may 
bring to bear on a practical problem the synthesis from 
this knowledge of a “solution” is never an objectively 
formal process. Moreover, the formalisms that we do 
employ are admitted on something less than scientific- 
ally rigorous demonstrations of validity. It is infeasible, 
in fact, to apply the standards of science.* This situa- 
tion prevails in any field of practice and there is as$o- 
ciated with it the opportunity for clever manipulators 
of methodology to build great edifices of formalism 
around vdcuous ideas and spurious conjectures. The 
more complex the formal methodology the more dif- 
ficult it is for the executive to penetrate and* appraise 
substantive content. He must rely primarily on intuitive 
sense of the “rightness” of results, yet in a dynamic 
society the executive's most important decisions may be 
taken on matters in which he cannot be sure how far 
insight from his past experience is applicable. 


*This point is developed at greater length in discussion 
of “The Management, Engineering, and Scientific Func- 
tions.” Journal of Industrial Engineering, March-April, 
1960. pp. 122-126. 


It is in just such situations, where operations research 
assistance can be most valuable to an executive, that 
the opportunities for charlatanry are greatest and the 
means of suppressing it least effective. It is relatively 
easy in an activity with such broad horizons and great 
potential for useful contributions to society for the 
enthusiast to become a zealot, and then by impercep- 
tible stages of self-deception a charlatan. We are dan- 
gerously near, if not already into a deception, if we 
speak of Operations Research as a science rather than 
a practice. 


When we sort out of Operations Research activity 
that which is Physics, Economics, Biology, and so 
forth there is in fact nothing left that is peculiarly 
“Operations Research Science.” The textbooks of Opera- 
tions Research are compendia of methodology for the 
use of practitioners, and case books of applications. 
Analytic model development is the major topic in the 
operations research periodicals. This is as it should be, 
but it does not constitute a substantive science of 
Operation Research. Newton's invention and applica- 
tion of the calculus facilitated substantive advances in 
Physics, but the calculus itself was not substantive 
Physics. In short, methodology does not make a science. 


Methodology does not even make a “practice” until 
we begin to apply it, and we cannot do this wisely 
without substantwe knowledge of the problem pheno- 


mena and of the operational environments in which 
the problems are situated. Applied OR studies more 
frequently go wrong through defects in the substantive 
content than through inability to find or devise a suit- 
able methodology. There have been a number of major 
OR studies in the field of advanced weapon technology 
that produced spurious results through ignorance of 
major physical variables in the problem. These studies 
were failures in so far as the consumer of OR is con- 
cerned, for his measure of value is the reliability, time- 
liness, and usefulness of results—not elegance of the 
method. 


This responsibility for substantive content in the 
practive of OR gives us a great deal more concern in 
most instances than the mechancis of analysis. The 
only means that we have found for assuring reliability 
of substantive content is through the competence and 
integrity of individuals in their particular fields of 
science and technology. This is the basis of the “multi- 
disciplinary approach” of operations research. It means 
in plain language that we need Physicists because they 
know Physics, Economists because they know Econo- 
mics, and Industrial Engineers because they know In- 
dustrial Engineering. We are looking, moreover, not 
for a casual “background” but for established profes- 
sional competence and integrity. So conceived, Opera- 
tions Research is a multi-professional activity. The em- 
phasis is on a joining of professional competences in 
various substantive fields rather than the suppression 
of these individual field identifications under a prin- 
ciple of common methodism such as implied by the 
concept of an “OR profession.” 


This is a somewhat extensive introduction for our 
proposed look at the future of Operations Research. 
It seemed essential, however, that we consider in some 
detail what the recent trends of development appear 
to have been. Some of these trends will continue 
through the coming decade. We may be sure, for 
example, of continuing development of analytic meth- 
odology and of the Industrial Engineer’s need for know- 
ledge of the basic mathematics that is required to ap- 
preciate and apply it. Some of this methodology will 
be called “Operations Research” by those who create 
it, some will be called “Management Science”, and 
some will doubtless carry labels that have yet to be in- 
vented. Whatever the labels, we will need to follow 
these developments and select what is useful for In- 
dustrial Engineering. But methodology alone will create 
no new professions. 


There will, however, be significant growth of multi- 
professional organizations and groups supporting 
management in pre-decision and implementation plan- 
ning. Again, there will be a variety of labels (e.g. 
Operations Research, Systems Analysis). There will 
be increasing opportunities for the Industrial Engineer 
in this activity as it becomes more extensively involved 
in implementation planning. In the past these organ- 
izations have been concerned for the most part with 
providing “inputs” for management decision. 


Much of the future growth will involve assistance 
tO management in solving problems of implementa- 
tion. There has been considerable emphasis in the 
nation during the past decade on advancing techno- 














logy as the key to economic strength and national 
security. It appears, however, that the most difficult 
problem is implementation of new technological cap- 
abilities that are developed. In the critical area of ad- 
vanced weapons development, for example, it appears 
that Soviet success in the compression of development- 
al leadtime is putting to shame our supposed American 
“genius for organization.” 

In many industries, currently existing technical cap- 
abilities for greater productivity are unutilized. The 
locomotve fireman, for example, is still in the cab al- 
though he was technologically eliminated over a decade 
ago. Canadian, Russian, Japanese, and most European 
railroads operate with one or two in an engine crew. 
We, who consider ourselves a progressive people, have 
three for freight and switch service even as we ap- 
proach a technical capability for eliminating the crews 


altogether. 


Implementation planning cannot dissolve the politi- 
cal barriers to management's accomplishment of what 
it knows should be done. This will only come with a 
broader recognition among the nation’s political leaders 
that world conditions no longer permit us to postpone 
our responses to changing technology for political con- 
venience. There will always, however, be constraints 
of some sort so that planning for the utilization of ad- 
vanced technology will include analyses of technical, 
economic, and organizational feasibility barriers and 
the identification for management of . probable imple- 
mentation problems and means for their solution. 
While the scope of this activity is multi-professional, 
it holds a particular challenge for the Industrial 
Engineer. 
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THE RESEARCH 


The principal objective of this research is to develop, 
through experiment, a refined, psychologically accept- 
able motion time synthesis system to be called “Fair 
Day's Work Times.” Through use of the tables to be 
developed, and through use of the experimental method 
upon which the tables are based (to establish supple- 
mentary times for skilled motions peculiar to individual 
plants), time study men should be able to establish 
highly equitable time standards for repetitive manual 
work. These time standards should be generally accept- 
able because the precise tabulated movement times up- 
on which they will have been based will reflect the 
average production employee's concept of fairness. 


The Film Rating Experiments, necessary to establish 
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the average production employee's concept of fairness, 
to be reflected in the Fair Day's Work Time tables, 
have been completed. The movement timing experi- 
ments designed to provide the Fair Day’s Work Times 
are about one-half complete. This progress report pre- 
sents the results of the Film Rating Experiments and 
describes the movement timing experiment procedure. 


THE FILM RATING EXPERIMENTS 


The Objectwes. The principal objective of the film 
rating experiments is to determine what the average 
U. S. industrial production employee and time study 
man regards as “fair day's work speed” for five simple, 
repetitive manual operations, some of which contain 
the 15 inches push-pull and the other basic movements 
used in speed rating the experimental subject’s motion 
performance times in developing the Fair Day's Work 
movement times. For example, one of the operations is 
comprised solely of the 15 inches push-pull motion 
which is integrated with most of the aforementioned 
experiment motion patterns employed in developing the 
Fair Day’s Work Times. Onee the fair day's work time 
of this motion is determined it will be possible to con- 
vert the factorially expressed fair day’s work times of 
the experimental subjects to absolute fair speed time 
values. A secondary usage of the results of the film rat- 
ing experiments will be the development of a set of 
rating films to be used to teach time study men speed 
rating when 100 per cent speeds for the filmed opera- 
tions are taken as the average concept of fair day's 
work speed determined by means of the experiments. 


General Considerations. Joint participation of both 
time study men and production employees in the ex- 
periment required departure from the usual procedure 
of having the experimental subjects assign ratings of 
80%, 105%, 120%, etc. to different successive scenes 
of’ operations projected on the movie screen. Few pro- 
duction employees, because of lack of rating training, 
would be able to rate with precision approaching that 
of time study men. Thus, for the sake of simplicity, it 
was decided to have the experimental subjects select 
from several scenes of different speeds simultaneously 
projected on a long movie screen, the speed felt to be 
closest to one’s concept of “fair day’s work” speed for 
the operation. 


Then, there was the question of involvement of 
method (or motion pattern) difference in the various 
projected scenes of each given operation. It is recog- 
nized that motion pattern naturally changes in most 
operations as one increases working speed from slow 
to fast, the degree of such change being regulated by 
factors such as ballistics, rhythm possibilities, existence 
of motion impedences, etc. However, because of the 
second desired usage of the experiment results, in be- 
half of the Fair Day’s Work Motion Time Synthesis 
System, it was important to involve but one variable, 








namely speed, rather than the two variables speed and 
method in the experiments. Accordingly, only opera- 
tions which entailed indiscernible change of motion 
pattern when speeded up within the speed limits of 
the experiment were used in the experiment. All of 
the simultaneously projected scenes of each operation 
(representing different speeds) involved usage of film 
loops identical in both content and length. 


There was also the problem of judgment bias and 
its control in planning and executing the experiments. 
It would be important to avoid, as much as possible, 
alteration of attitudes of fair day's work speeds during 
the orientation and execution of the experiments. More- 
over, it would be important to insure against central 
tendency (careless selection of the middle presented 
choice possibilities) . 


Finally, since it was desired to derive conclusions 
from the experimental results which would reflect 
opinions of the average production employee and time 
study man in the average competitive plant in the 
United States, a sample of opinions representative of 
this situation was sought. 


Experimental Equipment. Figure 1 shows the special 
moving picture projection equipment set up in prepara- 
tion for the Film Rating Experiment. The movie pro- 
jection screen measures 21 feet in length and 30 inches 
in height. Note that numbers, used to identify the 
speeds of the various simultaneously projected scenes, 
hang from the top of the screen. 


TABLE 1. 
FAIR DAY'S WORK RESEARCH PROGRAM 
Summary of Results of Group Film Rating Experiments 


relating Production Employees with Time Study Men 





Weighted Average Selected "Fair 
Day's Work" Speed Scene 
ime 


Approx. Speed 
Difference 





Name of Operation Study Men Prod. Emp. of Selections 
A. Gage Crank Shafts 5.476 5. 785 1 545% 
B. Deal Cards 5.329 5.024 1.525% 
C. Grind Cylinder Heads 5. 752 5.904 . 076% 
D. Ream Brackets 6.373 6.224 075% 
E. Carton Boxes 6.453 6. 142 1.555% 

Average 5.877 5.816 305% 


Eight small 16 mm. projectors (modified hand drive 
type) mounted on a stand and linked together with 
drive shafting are shown in the foreground. At the 
end of each shaft on the left side of each projector is 
a 21 tooth gear which meshes with a 20 tooth gear 
attached to the drive of the projector, giving a five 
per cent increase of speed. Thus, the speed of each 
projector is five per cent faster than that to the left, 
with two exceptions: two gear shifting devices are used 
to provide two desired alternate speeds (to insure 
against central tendency as described later) on each of 
two projectors. 


The Movies. Note, in Figure 1, the pre-positioned 
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black and white 16 mm. movie loops. At each projector 
there is an identical loop of the operation cycle of 
Operation A “Gage Crank shafts,” also for operations 
B, C, D and E. Since the cycle of operation E is quite 
lengthy, requiring approximately 16 feet of film, loop 
support extensions reaching toward the ceiling are 
mounted on the projectors. 


Each of the five operations represented by the movies 
is manually controlled. Originally, nine operations were 
photographed, at a synchronous speed of 1000 frames 
per minute. However, four of the operations were not 
used because they did not fulfill the criterion for usage 
in the experiments. Several cycles, performed at slightly 
different working speeds, were filmed for each opera- 
tion. The cycles selected for making the loops for the 
experiment were those having no discernible erratic 
movements, fumbles, etc., and performed at a speed 
level of slightly slower than (for some operations) the 
same as or slightly faster (for other operations) than 
what was felt to be the true “fair day's work” speed. 
Since the actual filmed speed of 1000 frames per min- 
ute is about mid-way between the 977.01 frames per 
minute projected as speed No. 5 and 1025.86 as speed 
No. 6 of the special movie projection equipment, what 
was felt to be approximate “fair day's work” speeds of 
the five operations lie in the range from speed No. 4 
to speed No. 7. 


Experimental Subjects. It was planned to have 500 
or more production employees.and 500 or more time 
study men take part in the Film Rating Experiment. 
Actually, 567 production employees took part. Four- 
teen of this number apparently misunderstood the ex- 
perimental procedure instructions as evidenced by their 
Film Rating Sheets which could not be used, thus 
leaving 553 production employees whose opinions were 
averaged. A total of 526 men with time study exper- 
ience took part in the experiment, the selections of 
three of which cannot be used due to apparent lack of 
understanding of the experimental procedure instruc- 
tions, leaving a net of 523 time study men whose 
opinions were averaged. None of the unusable results 
reflect seemingly extreme loose or tight concept of fair 


day's work speed. 


The production employee participants, taken in 
groups of 29 to 50, represented thirteen industrial 
plants from Massachusetts to California and Wisconsin 
to Virginia. The time study men were taken in groups 
of 3 to 68, in 13 industrial plants and in groups of 12 
to 79 in seven AIIE and I. M. S. meetings from Mas- 
sachusetts to California and Wisconsin to Georgia. At 
these meetings, 103 companies were represented by 
two or more time study men and 69 by one time study 
man. In total, 185 industrial firms were represented by 
the time study men participating in the experiments. 
The average time study man participant had 7.33 years 
time study experience. 


The average production employee participant had 
11.83 years production experience. Approximately 61 
per cent of these production employees were females. 
Also, approximately 60 per cent of these production 
employees work on wage incentive paid jobs. 








Shortly before beginning each experiment involving 
production employees, the writer, using a roulette wheel 
and listings of names and-or numbers of production 
employees, randomly selected names of those to be in- 
vited to take part in the experiment. It is estimated 
that about two-thirds of the production employee par- 
ticipants were members of trade unions. The only cri- 
terion of qualification for a production employee par- 
ticipating in the experiment was that the candidate be 
a non-supervisory employee and be presently engaged 
in manual or semi-manual work. Also, only time study 
personnel with actual time study experience were con- 
sidered participants in the experiment. 


The Experiments. As the groups of experimental sub- 
jects were convened, they were first asked to carefully 
read the instructions on the Film Rating Sheets illus- 
trated in Figures 2 and 3. The production employee 
participants were told that they were chosen by the 
writer's spinning a roulette wheel and using the num- 
bers obtained to count through the lists of names or 

TABLE 2. 
FAIR DAY'S WORK RESEARCH PROGRAM 
Summary of Results of Group Film Rating Experiments 
Involving Industrial Production Employees 


Average Selected Fair Day's Work Speeds and Standard 
De 


wiations (: ) of the Selections 4 
A Diff. of 
Gage B Grind D E Average Avg. from 
Plants Crank Deal CylinderReam Carton of Weighted 
Visited Shafts Cards Heads BracketsBoxes ABCDE Grand Ayg. 
Plant A (27) 6.02 5.50 6.80 6.92 6.57 6.3% -2.72% 
(High Task) @ 21.38 © 1.77 © =1.03 o =1.52 « =1.22 € =1. 
Plant B (32) 6.47 6.34 6.81 6.59 6.93 £.63 -3. 18% 
(High Task) @ 21.21 © 1.23 © =1.06 © =1.20 « =1.27 21.19 
Plant C (40) 5.10 4.50 5.52 5.68 5.85 $5.33 +2. 40% 
© =1.80 © =1.95 ¢ =1.39 © =1.82 « 1.35 & =1. 66 
Plant D (48) 5. 76 5.26 $5.81 6.10 6.26 5.84 - 1% 
© 21.03 © 21.02 ¢ =1.14 o =1.3 o =1.48 & =1.21 
Plant E (24) 5.91 4.41 6.09 5.86 6.09 5.67 + .7%% 
© =2.16 © =2.06 © =2.08 © =2.46 © =2.02 © =2.16 
Plant F (32) 4.42 3.85 4.39 5.73 5.17 4.71 +5.539% 
© «1.59 © =1.92 © ©1.76 © =1.47 © =1.51 © =1.65 
Plant G (31) 6.10 5.37 6.50 6.50 6.50 6.16 -1.72% 
(High Task) © =1.69 © =1.84 © =1.81 © =1.69 © =1.63 © =1.73 
Plant H (37) 6.37 5.45 6.10 6. 10 6.84 6.17 -1,77% 
© =1.32 © £1.56 © =1.68 © =1.58 © =1.69 © =1.57 
Plant I (37) 5.68 4.01 5.58 6.00 5.89 5.43 +1.99% 


© =1.42 © 21.59 © 21.40 © £1.07 © =1.19 © =1.33 


Plant J (32) 5.56 4.53 5.47 5.63 5.23 5.28 +2. 68% 
© =1.62 © =1.86 © =1.52 © =1.72 © =1.43 © =1.63 


Plant K (30) 6.10 5.13 5.87 6.60 6.33 6.00 - .92% 
© 21.25 © =1.45 ¢ =1.63 © =1.33 © =1.37 © =1.41 

Plant L (39) 5.79 4.94 6.06 6. 3% 5.61 5.75 + .3™% 
© sl. il © 1.38 © 21.70 © =1.32 « =1.19 € <1. 34 

Plant L (25) 5.54 5.20 6.25 6.54 5.88 5.88 - .32% 
© =1.54 © =2.03 © =1.39 © =1.66 © =1.46 & =1.62 

Plant M (39) 5.73 5.36 6.29 6.82 6.05 6.05 -1.17% 
@ 21.93 © =1.72 © =1.88 @ =1.71 © =1.39 © =1.73 

Average (weighted) 1.8% 


numbers of all production employees in the plant. 


Note in Figure 3 that there is provision for the time 
study man’s name, address and his estimate of average 
incentive bonus above his selected “fair day's work” 
speeds. Also, there is the addition of reference to wage 
incentives and base pay rates on the Film Rating Sheets 
used by the time study men, in recognition of the dif- 
ference of speed rating bases (100% equals natural or 
normal, the high task base, etc. ). 


After the subjects read the Film Rating Sheets the 
writer demonstrated the procedure for observing the 
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movies and filling out the sheet. He explained that the 
odd number scenes would be projected in the follow- 
ing order: 1, 3, 9, 5 and 7 and that the even number 
scenes would be projected in-the order 2, 4, 10, 6 and 
8, explaining that they would be out of true speed or- 
der to insure against careless selection of the middle 
projected speed. The speed of scene 2 is 5 per cent 
faster than that of scene 1, that of scene 3 is 5 per cent 
faster than that of scene 2, etc. Thus, the speed of scene 
3 is 105% (105%) or 110.25% faster than that of 
scene 1, scene 4 is 110.25% faster than that of scene 
2, etc. The experimental subjects were instructed to 
record 0 in any cases where they felt the fair day’s 
work speed of an operation was less than the slowest 
of the simultaneously projected choices, and 11 in any 
cases at the other extreme. Actually, two 0 selections 
and one 11 selection were recorded in the total of 1076 
selections. 


The Experiment Results. For each operation, the 
selected odd speed number and even speed number 
were averaged, with the following exception: in those 

TABLE 3. 
FAIR DAY'S WORK RESEARCH PROGRAM 
Summary of Results of Group Film Rating Experiments 
Involving Time Study Men 


Average Selected Fair Day's Work Speeds and Standard 
Deviations of the Selections 


A & Diff. of 
Gage B Grind D z Average Avg. from 
Crank Deal Cylinder Ream Carton of 
Group Shafts Cards Heads BracketsBoxes ABCDE Grand Avg. 
Plant A (4) 6.00 5.00 5.00 6.25 6.50 5.75 + 6% 
Task) @el.12 e21.12 2.867 e21.09 €21.22 F21.08 













©=1.69 2.82 o21.24 ¢2.95 o2l.4) F21.22 
@2.82 21.26 o2l.07 ¢2.93 ©21.39 ¢21.09 


@21.23 @21.33 ¢21.27 621.00 o21.53 eel. 27 









@=1.33 ¢=.94 o21.49 01.81 o21.28 eel. 37 
51.86 ¢21.66 o21.30 o21.67 o21.42 621.58 
e128 oe1.31 61.69 21.31 e21.25 o21.37 
21.43 o1.23 ¢21.30 o21.26 o=1.13 eel. 27 
@=1.22 o=1.08 o=1.21 21.67 o=.88 oel.2) 
e151 est.22 21.10 21.16 ee1.17 osl.23 
esl.17 ©21.09 ¢21.26 e21.32 81.52 ¢21.27 





21.99 o21.57 o21.34 ox1.45 © 










Rapids Loc.(43) ¢=1.90 ¢=1.75 021.67 © 21.62 ¢=1.63 @21.71 

Average (weighted) 2.52% 
cases where the difference between the two recorded 
selected numbers was five or more units (reflected 
in selected combinations such as 1 and 6, 3 and 8, 4 
and 9, etc.) the average selection for that operation 
was not used, the reason being strong evidence of care- 
lessness and-or lack of ability reflected in the very low 
degree of judgment precision. 





Note, in Table 1, that the difference between the 
overall average concept of fair day’s work speed of the 
five operations, comparing production employees with 
time study men, is .305%. This value was arrived at 
by subtracting average selected s scene 5.816 from 
5.877 and multiplying this difference by 5 per cent, 











the difference between speeds 5 and 6, 6 and 7, etc. 
Since the overall standard deviations of selections was 
1.28 (or 6.68%) for all of the production employees 
and 1.23 (or 6.16%) for all of the time study men, 
there is no significant difference in the overall average 
concepts of fair day's work speeds for the five opera- 
tions, at the .05 confidence level, comparing production 
employees with time study men. 


Table 2 summarizes the average concepts of fair 
day's work speeds, and the standard deviations of selec- 
tions of the 14 groups of participating production em- 
ployees. Note the close agreement among the groups, 
of the average selected fair day’s work speed scenes 
(average of A, B, C, D and E); the average group's 
overall concept differed from the weighted grand aver- 
age concept by only 1.83 per cent. 


Table 3 summarizes the average concepts of fair 
day's work speeds, and the standard deviations of selec- 
tions, of the 20 groups of time study men taking paft 
in the experiments. Note that the average group's 
overall concept of fair day’s work speed for the five 
operations differed from the weighted grand average 
by only 2.52 per cent. 


In Tables 2 and 3, “High Task” is noted for plants 
A, B, G, T and U. In the high task plants, employees’ 
base pay rates (and the production efficiencies ex- 
pected in return for same) are around 10% higher 
than those in the “normal task” plants. Thus, the aver- 
age concepts of fair day’s work speeds in the high task 
plants can be expected to be somewhat higher than 
those in the normal task plants, in the minds of both 
production employees and time study men. In recog- 
nition of this probable difference, the Film Rating 
Sheets (Figures 2 and 3) were so worded to attempt 
to cause both high and normal task persons to regard 
a fair day's work speed in referciuce to base pay rates 
reflecting normal task performance efficiency level. 
Approximately 16 per cent of the production employee 
participants and 20 per cent of the time study man 
participants work in high task plants. 


Note, at the bottom of the Film Rating Sheet in 
Figure 3, the time study man is asked to record the 
per cent incentive bonus (representing the per cent 
the incentive paid employee would surpass the fair 
day's work speed level) he would expect operators in 
the viewed operations to average. The average of all 
of the estimates was 26.1% incentive bonus expect- 
ancy. The average of high task time study men (20% 
of sample) was 20.0% and the average of the normal 
task time study men (80% of sample) was 26.6%. 
The average selected fair day’s work speed for the five 
operations, for the 76 high task time study men in 
plants A, G, T and U was 6.66, whereas it was 5.26 
for the 217 low task time study men in the remaining 
plants visited. Comparing the difference in incentive 
bonus expectancy 26.6%—20%, or +6.6%) with the 
difference in average fair day's work speed scene con- 
cepts (6.66—5.26) x 5%, or +7.0%), we find quite 
close agreement. This suggests, keeping sample size 
limitations in mind, that the average high task time 
study man would set a 7% tighter time standard than 
would the average normal task time study man and 





would expect high task incentive paid employees to 
earn about 6.6% less bonus than normal task incentive 
paid employees. As previously mentioned, the high 
task time standard is predicated on a premium basic 
hourly pay rate. 


Conclusions. The following information should be 
kept in mind in drawing conclusions from the reported 
results of these film rating experiments: 


1. Although the experiments were geographically 
widely spread, all major industrial areas in the U. S 
were not represented in the experiments. 


2. Approximately 60% of the industrial production 
employee participants were females, which 1s probably 
representative for personnel on manual and semi- 
manual work in U. S. industry. 


3. Approximately 60% of the participating indus- 
trial production employees work on wage incentive paid 


jobs. 


4. The industrial production employees were ran- 
domly chosen by the writer from listings of names and 
or numbers of employees working on manual or semi- 
manual operations, using a roulette wheel. 


5. The working force was not told of the planned 
experiments prior to the writer's arrival at the plant. 


6. The employees took part in the experiments “on 
company time;” they were paid their regular pay rates 
while taking part in the experiment. 


7. Shortly prior to the time of each experiment, the 
randomly selectec employees were contacted by their 
respective foremen and were invited to take part in the 
experiment. Very few employees elected not to take 
part. 


8. Upon being convened at the beginning of the 
experiments the writer was introduced, and then ex- 
plained: 

a. The industrial production employees had to be 
randomly chosen and that this was done with the 
aid of a roulette wheel. This, then, was the only 
basis of their being invited to participate. 

b. The experiment procedure. 

c. The necessity of carefully deciding on selections, 
recording them with the indelible pencils provided 
and keeping them secret. 


9. Averages of the experimental results were not 
computed until the end of all of the experiments. All 
of the results and averages are now on file and are 
available for inspection. 


10. In plants A, C, and D the time study men and 
the production employees jointly took part in the ex- 
periments, the time study men standing in the rear. 


In the writer’s opinion there was very little judgment 
bias on the part of either the industrial production em- 
ployees or the time study men taking part in the ex- 
periments. Only a very few of the 1076 Film Rating 
Sheets show consistently very low or very high selected 
fair day's work speed scene numbers. Management and 
labor representatives had no control over the selection 








procedure and the experimental procedure and, seem- 
ingly, had no desire to influence these procedures. Thus, 
in recognition of the aforementioned conditions rele- 
vant to these experiments, it appears there is no signi- 
ficant difference in the average concepts of fair day's 
work speeds for simple manual repetitive operations, 
comparing industrial production employees with time 
study men. 


It is hoped these experimental findings will con- 
tribute toward improvement of human relations assoc- 
iated with industrial time study and wage incentives. 
Of course, these findings did provide the desired prime 
estimate of the fair day's work times for various funda- 
mental movements such as the'l15 inch push-pull. And, 
as will now be described, by rhythmically integrating 
(and separately timing) such movements in conjunc- 
tion with various grasps, positions, etc., it is possible 
to make precise estimates ot the fair day's work times 
of these latter movements. 


FAIR DAY'S WORK RESEARCH PROGRAM 
FILM RATING SHEET 


You have been chosen to take part in a research pro- 
ject conducted by the Department of Mechanical Engi- 
neering at Michigan State University. The purpose of 
this research is to determine fair day’s working speeds. 
You are not to sign your name or put your clock num- 
ber on this sheet of paper. We want to keep your 
opinions in complete confidence. Please do not talk 
with others or look at the selections of others during 
this experiment. Keep this sheet of paper folded ex- 
cept when writing down your selections. 


As you closely watch the movies of the five different 
speeds of Operation A on the long movie screen, choose 
that one speed which you feel most closely represents 
a fair day's working speed for that operation. This 
would be the: speed at which you think this operation 
should be performed when the operator receives a faw 
day's pay and when he occasionally takes the rest time 
necessary for this operation. When the movie of Opera- 
tion A is over and when the room is lighted, record in 
the space provided on this sheet, the number of the 
one speed which you have selected. Next, five more 
speeds of Operation A will be shown on the long movie 
screen. Again choose the one speed you feel most 
closely represents a fair day's working speed for the 
operation and when the room is lighted write down 
the number of that speed in the space provided on this 
sheet. 


Repeat this selection procedure for the other operations 
which are to be shown in the movies. 


Thank you for your cooperation. 
Sincerely, , 


Dale Jones, 
Research Engineer 
Please fill out: 


How long have you been employed in industry?........ 
What is your present job tithe? 00.0.0... csceeceeseeeees 


What is yoursex? Male ( ) Female ( ) 
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Please record your selections in the spaces below: 


Operation A, Gage Crank Shafts 
Operation B, Deal Cards 

Operation C, Grind Cylinder Heads 
Operation D, Ream Brackets 
Operation E, Carton Boxes 


Selected Fair Day's Work Speeds 
Even Numbers Odd Numbers 


CORO ROR ee Rees eeeeeeeeeeee = = =§»-_ «HARE EEE EEE ERTS OORT SEES 


SARC Renee teen eeeeeeeeeees = = = =§-_-_ «<< HERR ERE R TREE OO EEE ee 


SOO eeeeeeeeeeeeeneeeeeeees = =§-._—< eee eee eeneneeeereeeees 


CORR en eeeeeneeeeeeeeeeeee = = = = =§«-_—«<— NORE NORE eee ee eeeeee® 


Figure 2. Film Rating Sheet used by production em- 
ployee participants in the Film Rating Experiments 


FAIR DAY’S WORK RESEARCH PROGRAM 
FILM RATING SHEET 


For persons with time study experience 
You are invited to take part in the Film Rating Ex- 
periment of the Fair Day's Work Research Program 
sponsored by the Department of Mechanical Engineer- 
ing at Michigan State University. The purpose of this 
research is to determine fair day's working speeds for 
Certain operations. 


Please do not discuss or look at the selections of others 
during this experiment. Keep this sheet of paper folded 
except when writing down your selections. 

As you closely watch the mcvies of the five different 
speeds of Operation A on the long movie screen, choose 
that one speed which you feel most closely represents 
a fair day’s working speed for that operation. This 
would be the speed at which you think this operation 
should be performed when the operator receives a fair 
day’s pay and when he occasionally takes the rest time 
necessary for this operation. Assume the operators are 
not wage incentive paid but are paid by the hour via 
rates that are neither higher nor lower than pay rates 
for like work done in neighboring plants. Be sure and 
consider motion speed only, assuming correct motion 
patterns are followed in all cases. When the movie of 
Operation A is over and when the room is lighted, 
record in the space provided on this sheet the number 
of the one speed which you have selected. Next, five 
more speeds of Operation A will be shown on the long 
movie screen. Again, choose the one speed you feel 
most closely represents a fair day’s working speed for 
the operation and when the room is lighted, write down 
the number of that speed in the space provided on this 
sheet. Repeat this selection procedure tor the other 
operations which are to be shown in the movies. 
Thank you for your cooperation. When the experiment 
results are compiled your results, in comparison with 
the results of averages of other participants, will be 
mailed to you. 

Sincerely, 

Dale Jones 

Research Engineer 


WR RE | 5 itis oieanenniciiacs tlie aisataagia nee 





Years Time Study Experience 
Your address 


Please record your selections in the spaces below: 


Operation A, Gage Crank Shafts 
Operation B, Deal Cards 

Operation C, Grind Cylinder Heads 
Operation D, Ream Brackets 
Operation E, Carton Boxes 


Selected Fair Day's Work Speeas 
Even Numbers Odd Numbers 


eee een eeeeeeeeeeeeeeee . 


Assuming these operations are wage incentive paid via 
the conventional one-for-one plan via refined, care- 
fully maintained time standards, and assuming these 
are average qualified operators who take the allowance 
time reflected in the time standards, what per cent 
wage incentive bonus would you expect them to aver- 
age over a long period of time? 

Figure 3. Film Rating Sheet used by time study men 
participating in the Film Rating Experiments 
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MASTER CLERICAL DATA — A BREAK 
THROUGH IN COST REDUCTION 


by SERGE A. BIRN 
President 


SERGE A. BIRN COMPANY 


Mr. Birn is a Mechanical Engineering graduate from Polytechnical 
Institute, Carlsruhe, Germany. In 1927 he was made assistant to Mr. 
Wallace Clark, who is universally recognized as one of the pioneers in 
management engineering. Mr. Birn has been actively engaged in the 
consulting field ever since. In 1945 he formed the Serge A. Birn 
Company. a consulting firm, which is well known and respected in 
Europe and the United States. 


Mr. Birn has been extremely active in professional organizations and 
has assisted in founding several chapters. He has on three different 
occasions been selected to represent the United States at Engineering 
and Professional Conferences abroad. 


Among original managment developments which are Linear Responsi- 
bility Charting (LRC), Master Clerical Data (MCD). He also pioneered 
in the use of MTM ( Methods-Time-Measurement). 
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MASTER CLERICAL DATA—A BREAKTHROUGH IN 
COST REDUCTION 


or 


MASTER CLERICAL DATA —CLERICAL CONTROLS 
WITH ECONOMY 


by SERGE A. BIRN 


President, Serge A. Birn Company 


HY SO little office work measurement? Office work 
measurement is not news. But it is certainly a rarity— 
even today. Why? 


The easy answer—and we hear it all the time, is 
“It is management's fault”. There is one thing wrong 
with this answer. It is a platitude—and like all 
platitudes, it simply isn’t true. Let's place the blame 
where it belongs—on the engineering profession— 
no you and me. If the management of American 
business and .industry have done so preciously little 
with work measurement and performance controls in 
offices—it is because you and I, the engineers, have 
failed to provide the necessary “tools” for economic 
office work measurement. If the American Space 
Engineers have failed to shoot successfully tat the moon 
—it is not their fault. The fault lies somewhere in 
our Government, which has failed to provide the 
tools—or, more accurately, the money to create these 
tools—to shoot at the moon. 


Certainly, control of office work through measure- 
ment has been going on for years, but on a most 
limited scale. The reason lies in economics. So far, 
the “tools”, meaning the available office work 
measurement systems, have simply “cost too much”. 
In fact, their cost was so high that applications were 
limited to only the largest companies—and only a 
relative few at that. 


Worse even, the cost of upkeep was also exorbitant. 
Inevitably, a number of installations have not been 
properly maintained, and standards and controls dis- 
integrated in just a few years’ time. 


In fact, one of the pioneers of office work measure- 
ment said some years ago that he was interested only 
in workers with the 500 largest corporations in 
America. The remaining thousands could not afford 
office work measurement. 


THE PROBLEM GROWS 


Many years ago our firm became acutely aware of 
this problem. We also became aware of the fact that 
the importance of this problem was increasing by 
leaps and bounds. As complexity of modern business 
increased — the number of white collar and white 
blouse workers was also steadily increasing. Today, for 
the first time in our history, we have more white 
collar workers in the U. S. than blue jean workers. 
And yet, the performance of some 80% or 90% of 
these white collar employees is not under direct 
control. As a result, the cost reduction picture in 
American business and industry is now reversed. Today 
more money can be saved in offices and service 
activities than in production. 
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I don’t want to bore you with statistics. But our 
experience shows that effective controls in offices 
reduces the cost of routine clerical operations by 20% 
to 25%. Multiply this by the number of routine 
clerical workers employed by business, industry and 
Government — and you will arrive at a staggering 
figure. These savings alone, if realized throughout 
the country, could readily finance the needs of our 
defense establishment. 


Let's say right here that IDP, EDP, computers and 
and related developments are only a partial answer. 
Computers and data processing give more, more 
accurate and faster information to management. Thus 
management is in a position to make better and faster 
decisions. Office cost reduction through computers, 
while very real in many cases, is only “a drop in the 
bucket” in many others. In fact, the additional useful 
information created by computer programming fre- 
quently creates new clerical jobs in other departments. 
Besides, computers will not resolve the problem of 
opening or distributing mail, typing letters, auditing 
expense reports, and so on. 


A SOLUTION 


In the course of factory work measurement, we quite 
often found it necessary to set standards for clerical 
work associated with factory operations, such as stock 
record keeping, timekeeping, shop order writing, etc. 
All these have their parallels in the office, and it was 
only natural that the measurement of the one should 
logically lead to consideration of measuring the other. 


But logic alone is not sufficient. Ten or fifteen years 
ago the only readily available work measurement “tool” 
was the stopwatch. It was “socially acceptable” in the 
plant, even for factory clerical workers. Not so in most 
offices, where tradition and prejudice usually made the 
stopwatch unacceptable. Besides, time study in offices 
in most expensive. It never was, and it is not today, 
the economic answer to office work measurement. 


In the recent years, most office work measurement 
was based on motion picture analysis — An admittedly 
technical procedure. Of course, if it is done once and 
only once to establish basic data — this wouldn't be too 
bad. But, if the procedure has to be continuously applied 
to similar but slightly different problems — the cost is 
truly exorbitant. Unfortunately, this is the way motion 
procedure was frequently applied. 

Fortunately, we were not bound by the historical 
techniques of motion pictures (which are expensive) 
or time studies (which are both expensive and un- 
acceptable in most offices). For years, we have been 
considered one of the leaders in the application of a 








system of predetermined motion times called Methods - 
Time-Measurement or “MTM”, as it is better known. 
Since we. had used MTM to solve shop paper work 
problems, we could not see why we could not use it 
to solve office work measurement problems as well. 


At this point—a brief word about MTM. MTM is 
simply a catalog of all the motions a human being can 
mgke — whether in a plant, office, or your kitchen. 
To apply MTM, one simply records the motions that 
an employce should use to do his job — clerical or 
other — and adds up the times that apply to each 
individual motion. The result is a motion by motion 
description of the method and a standard or measured 
time for performing the job. 


Of course, the conventional MTM process, as | 
have just outlined it, is in itself uneconomical — if used 
directly for the measurement of non-repetitive or long 
operations. To write motion by motion the method 
followed by a filing clerk in performing a thirty-minute 
filing job (especially if she will never again do a filing 
job exactly like it) would be ridiculous. But again, we 
were fortunate in that our application of MTM in the 
factory had taught us how to use it economically. We 
know that MTM should be used to develop motion by 
motion standards of operations only im rare exceptions. 
It should be used as a tool for the development of 
Standard Data. Now, MTM Standard Data is simply a 
catalog of groups of motions (rather than individual 
motions) that employees use to perform similar work. 
This catalog, which we developed for the measurement 
of office work, we called our Master Clerical Data or 
“MCD” for short. 


The overriding importance of MCD is not that it 
enables you to measure office work - this has been done 
before. Its important is that it enables you to do it 
with economy — something which was impossible with 
older techniques. 


SIZE NO LIMITATION 


Five years ago, the idea of office cost controls based 
on actual measurement in a company with less than 25 
clerical workers would have sounded ridiculous. Today, 
we have economically accomplished just such a “break- 
through” at the Precision Steel Warehouse, Inc. in 
Franklin Park, Illinois. Actually, this was not even 
planned. Some years ago, using MTM, we established 
time standards and installed an incentive pay system 
for all their warehouse workers. These men earned 
bonuses This being a small company, office employees 
knew about it. Pretty soon they started mumbling that 
they would like to have the same opportunity. So 
Orville Thaler, Precision Steel’s two-fisted Treasurer, 
threw the problem at us. 


To make a long story short, we used MCD and proved 
that, with an economical technique, office work mea- 
surement and incentives pay for themselves even in an 
office of 20 employees. Yearly savings at Precision 
Steel were ample to cover the cost of installation and 
upkeep - and yield a net saving to management. 


COST OF MCD MEASUREMENT 


The idea of measuring any clerical activity at an 
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average cost of $100 per employee would have sounded 
ridiculous only two or three year ago. And yet, this is 
the average cost based on our experience with MCD 
installations in a number of companies, large and small. 


Take for instance a large nationally known manutac- 
turer of metal equipment upstate New York. Their 
Director of Systems and Procedures reported one year 
ago that on the average, one of their trained analysts 
can bring one clerical employee under full MCD control 
in two working days. This covers measurement, frequen- 
cy studies and “feedback” to supervision. 


We refer here to employees performing ten to fifteen 
different tasks per day. (Of course, with/highly repeti- 
tive work, such as keypunching or typing, the progress 
would be much faster. ) 


Assuming then an analyst costs $150 per week, or 
$30 per day — it costs $60 to measure and bring under 
control one clerical employee. Even if you add 100% 
for overhead, the cost is still only $120. 


Now, let's kick this figure around a bit. One average 
clerical employee may cost only $3500 or $4000 here 
in Dallas. But in Los Angeles or New York, this cost 
is about $5000 (labor plus fringes). And we know 
from actual exprence throughout the country that per- 
formanee in American offices usually lies between 50% 
and 60% of normal. We also know that, with MCD 
controls, the performance can be increased to anywhere 
between 75% and 85%. The net result is a saving of 
at least 20% and more of ten 25%. 


Only recently I checked the results of one of our 
first MCD installations. The Office Manager told me 
that one year after installation they were doing 15% 
more paperwork in their offices with 15% less pre- 
sonnel. This is a net saving of 26%. 


A 20% to 25% saving of the labor cost of one 
employee represents $700 to $1250 per year - or an 
average of $1000 per year. 


The conclusion is simple. With MCD it costs about 
$120 to bring one clerical employee under control - and 
achieve a yearly saving of $1000. The ratio of savings 
to cost is thus about 8 to 1. 


Of course, this does not include the cost of training 
and the cost of initial installation. The ratio between 
yearly savings and cost is here somewhere between 5 
and 6 to 1 for the first year. And this is a one-time cost. 


The low cost upkeep is equally revealing. While the 
cost varies from case to case, it is usually negligible. 

The reason for the economy of MCD application is 
three-fold. First, MCD is extremely flexible. Second- 
ly, it is very simple. Thirdly, it covers 100% of 
elements of routine office activities, so that no new 
MTM studies are required. One nationally known 
work measurement authority in the field has called it 
“the best set of Standard Data I have ever seen”. 

The simplicity of MCD is also revealed in its coding 
system. This coding is such that after only a few weeks 
of application training most of the data can be readily 
memorized. To our surprise, we found that rarely does 
an MCD analyst refer to the data directly after the init- 
ial training period. 


THE FREQUENCY PROBLEM 


To put it in simple words, MCD has effectively re- 
solved the question of “how long?”. The only remaining 
question is “how often?”. 

For instance how often does a typist make an erasure 
to correct an error? How many sheets does a book- 
keeper turn in a ledger to make a posting? How many 
items or lines are there in your company's average in- 
voice? How many cards does a clerk consult to find 
the right name in a mailing list? .. . and so on and on. 
Now, it is much easier to determine frequencies than 
to measure time. Moreover—and this is most impor- 
tant— it takes a less skilled person. 


MCD AND EMPLOYEE RELATIONS 


Another feature of MCD which surprised even us, 
in spite of our experience as work measurement special- 
ists, is the excellent employee relations record MCD 
users have compiled. Literally hundreds of clerical 
workers have studied, from Winston-Salem to Chicago, 
from St. Louis to New York — without one single 
grievance or human relations problem arising as result 
of measurement. This is probably due to the fact that 
most of the information required to apply MCD is 
obtained from the employee actually doing the job. The 
Supervisor is of course consulted first but only in a 
general way. The Supervisor simply does not know his 
operations in enough detail to give the analyst an in- 
telligent appraisal of frequencies, methods, etc. To ask 
him to get this information would be like asking a 
factory foreman to make his own time studies. If the 
Supervisor were called upon to give all these answers, 
one would simply have to hire another supervisor to 
do the supervising while the former supervisor gathered 
information. 


Since the employee is the source of most information, 
he feels that the measurement program depends on 
him. He is being consulted rather than observed, and 
the effects on the moral must be seen to be believed. 

And, remember, no one has ever been laid off as a 
result of an MCD installation. Attrition takes care of 
this. 


WHAT ABOUT METHODS? 


One might ask at this point “what about methods? 
Do you accept what the employee tells you? Don't you 
try to find the best way to do the best job?” Of course, 
we do—but, again, only where it is economical to do 
so. The vast majority of so-called methods improve- 
ments in the office never pay for themselves. Here we 
have a problem of semantics. Let's first define what we 
mean by the word “methods” as related to office work: 

1. The first level is methods in terms of motions. 

What are the best motions to pick up a pen or 
pencil? What are the best motions to write the 
figure “4”? What are the best motions to pull a 
file out of a drawer? 

With a few exceptions it is ridiculous to try 
to improve office methods at this level. Doing just 
this was one of the serious mistakes engineers 
have made in the past. Since it is normal to im- 
prove methods at the level in the shop, most 
engineers have used the same approach in offices 
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— by force of habit. This has greatly contributed 
to the already mentioned exorbitant cost of old 
office work measurement techniques—and has 
created employee relation and _ supervisory 
problems to boot. 

We don’t even attempt to improve methods at 
that level. Who cares how an employee picks up 
a pencil, even if one set of motions is admittedly 
30% or 40% faster than the other? What does it 
mean at the end of the day or year? Virtually 
nothing! 

. The next higher level of methods work in offices 
is office and work space layout, positioning of 
machines, gadgets to make the work easier, etc. 
I refer here to what is known as Work Simplifi- 
cation. Since MTM_ has adopted all Work 
Simplification principles, and since MCD is MTM 
adapted to office work, methods improvements 
of this type are very definitely considered. I would 
like to call them common sense improvements. 
— are already embodied in the MCD catalog of 

ata. 

. The third and most important level of office 
methods improvements is better systems and 
Procedures. Tremendous savings can be made 
through major studies and resulting better pro- 
cedures. But one does not need motion studies to 
make them. 

In fact, basic systems and procedures work must 
precede MCD application. No point setting a 
standard for filing 13 copies of a report if four 
copies will do—or if the report is not needed in 
the first place. 


MCD TRIGGERS ADDITIONAL SYSTEMS WORK 


This is a most interesting “side effect” of MCD 
installation. When a Systems and Procedures Analyst 
is trained in MCD, he suddenly finds that he has an- 
other tool in his tool kit—a “yardstick”. Now he can 
measure the effectiveness of the new systems he dreams 
up without trying them out. He can do this just by 
visualizing the new method or system. He can devise 
two or three or five different ways of achieving the 
same result, and can compare the effectiveness of these 
different methods before anything is carried out. 


This is quite a revelation to him. Says Mr. Joseph 
Blunt, Manager of Systems and Procedures and 
Assistant Controller of Joseph E. Seagram & Sons in 
New York: “We thought we were doing Systems and 
Procedures work before we had MCD. We know now 
that real Systems and Procedures work cannot be done 
without measurement.” 


In all our MCD installations—from the offices of a 
Needle Trades company in St. Louis with 100 clerical 
employees —to the giant Renault company in France 
with 68,000 employees—we found one thing. MCD— 
by giving a yardstick to the analyst—triggers new 
Systems and Procedures work. It follows like night 
follows the day. 


Examples are many, but my time is too short. Let 
me give you just one. 


In a large office in New York, the MCD analysts 
we trained studied the Expense Audit group in the 














Budget Department—just those clerks and one 
supervisor. Measurement showed a 60% performance 
of the clerks. Yet the supervisor was helping them 
because they “had too much work”. 

You can’t measure creative thinking with MCD. But 
you can estimate how long it takes. The thinking work 
of the supervisor consisted in auditing a quarterly report 
—once every three months. The most liberal estimate 
was that it took 5 days—out of 65. 


Armed with these figures, the Systems man went 
to work. You can guess the answer. The procedure was 
changed. The supervisor and the quarterly report were 
moved to another department. One girl was promoted 
to Group leader. Present performance is 80% instead 
of 60%, net saving in hcurs is 25%, net saving in 
dollars 31%. 

You might be inclined to say that you do not need 
MCD to find this, or that “it is not possible in my 
cffice”. You are right on the first score—but this is 
pure theory. Not only you must have a “yardstick” to 
tind all these things — but you must have this yardstick 
to prove them to the supervisor and to management. 


WHERE DO SAVINGS COME FROM 


Most of the savings come not from changing methods 
or improving systems, but from a better utilization of 
time. It is surprising how busy an office girl can look 
even if she performs little useful work. Even if the 
supervisor suspects it, he rarely can prove it so long as 
he has no réliable performance standards. 

Historical standards — except for highly repetitive 
work—are no good for this purpose. Susie or Jennie 
have a thousand and one “legitimate” common sense 
reasons proving that “my work is different”. And the 
supervisor usually finds himself in a very weak position 
if he tries to use historical standards to increase per- 
formance. He burns his fingers once—and, by necessity, 
he drops this approach. This is why we say that the 
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term “historical standard” is a misnomer. Hysterical 
standards is much more descriptive. 

With realistic measured standards, supervision and 
management can establish attainable and fair per- 
formance goals. They can determine the correct 
“manning” under all conditions—and they can do a 
better job of balancing work loads, meeting day-to-day 
Or. season-to-season “peaks and valleys”. Vhis is why 
good office supervisors accept MCD so readily, once 
they realize how the control helps them. They quickly 
find that the periodic performance report gives them 
the tool they needed so badly to effectively supervise 
their employees. 


Most important—the employees themselves, having 
participated in the program, will know that their per- 
tormance is estimated on a fair basis with no favoritism 
or personalities creeping into the picture. And the 
pertormance standards will be consistent. 


SUMMARY 


More than fifty yeears ago Frederick Taylor defined 
Scientific Management as “management based on 
measurement plus control”. He also stated that controls 


are no better than measurement upon which they 
are based. 


The key to true office cost control is not good 
measurement but good and economic measurement. If 
measurement is good, but its cost is prohibitive, it is 
of no practical value. In short, offices need measure- 
ment that does not cost too much. 


It is fortunate, indeed, that inexpensive office work 
measurement is now available—at a time when the 
white collar workers exceed the blue jean workers for 
the first time in the history of our country. A new cost 
reduction horizon has been opened—and a new field 
of activity for engineering and Systems and Proceedures 
men alike. 
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AN AIRLINE SPARE PARTS PROBLEM 


by T. K. KOLNER 


Director, Methods and Systems Development Division, Technical Services Department 
American Aurlinesy Inc. 


INTRODUCTION 

HE TASK of supplying aircraft spdre parts for a 
commercial airline 1s a challenging management 
problem. Stocking spare aircraft components at the 
airport stations along the route helps reduce aircraft 
out of service time when component replacements are 
needed. However, the large number of spare parts in- 
volved and the relatively large investments required 
establish some limitation on how many spare parts 
can be procured and allocated to each station. This in 
turn establishes a limit on spare parts availability per- 
formance. In a large airline operation, there are usually 
several thousand different spare parts for each air- 
craft model, totaling several million dollars in invest- 
ment. One category of spare parts, normally referred 
to in the airline industry as “Rotable Spares,” will be 
treated in this paper. Typical rotable spare components 
are aircraft items, such as flight instruments, radio and 
radar components, pumps, wheels, engines, propellers, 
etc. The problem is to determine the necessary pro- 
curement volume and distribution of each rotable spare 
item among the field stations to achieve the lowest 
stock-out rate (shortage rate) for each dollar spent. 


THE ROTABLE SPARE PARTS CYCLE 


Figure 1 is a schematic flow diagram of the rotable 
spare parts. Referring to Figure 1, when field station 
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FIGURE 1 SCHEMATIC FLOW DIAGRAM OF 


ROTABLE SPARE PARTS 


number two (2) (Point B in Figure 1) replaces a 
rotable spare component on an aircraft, a serviceable 
unit is requested and shipped from the serviceable parts 
stock (A) at the depot (or Stores) to replenish the 
stock at station number two (2) (B). The unit re- 
moved from the aircraft is shipped from station number 
two (2) to an unserviceable parts pool (C) at the 
overhaul and repair base. The components are processed 
for overhaul or repair, inspection and testing (D), as 
required, before returning to the serviceable parts 
stock bin (A) at the overhaul base, thus completing 
the rotable spares cycle. Upon receipt of a subsequent 
request from any one of the field stations, the specific 
unit we have traced may be shipped to the requesting 
station thus starting on a new round -through the cycle. 


FACTORS AFFECTING STATION 
STOCK PERFORMANCE 


The probability of having a part shortage (stock- 
Out) at a station is a function of the station average 
daily demand ( ), replenishing time ts, and the 
station allocated stock quantity, I, 

Ps = f( AS, ts,1) (1) 
Figure 2 illustrates where these factors occur in the 
replenishing cycle. The characteristics of these factors 
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are discussed below: 


1. Daily Demand: Figure 3 is an actual example of 
the random pattern which the number of units 
replaced per day follows at a field station. The 
probability P(N) of having N number of units 


removed in any one day follows closely the Pois- 
son function. N 


P(N) N (2) 


where % is the average daily demand (or com- 

ponent replacement rate). 

. Replenishing Time: The time, ts, required to 
replenish the station stock level is made up of 
three components: 

a. The time required to transmit the stock re- 
plenishing request from the station in question 
to Stores (serviceable parts stock). In Ameri- 
can Airlines, requests for rotable spare com- 
ponents are transmitted via private line tele- 
type and received on punched paper tape and 
typed packaging slips at the Stores’ warehouse 
in Tulsa or in New York. 


. Waiting time to fill requests from the service- 
able parts stock in Stores at the overhaul base. 
Normally, the requests are filled upon receipt. 
However, a stock-out condition in Stores will 
cause a delay in filling the field station request. 

. Elapsed in-transit time from Stores at the 
overhaul base to the field station. 
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Figure 4 is a recap of the actual replenishing time 
for each request shown in Figure 3, The frequency 
distribution of the elapsed replenishing time of 
rotable spare parts can be expressed reasonably 
well as an exponential function. 
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3. Station Stock Allocation: Each station with 
sufficient activity is allocated a quantity of rotable 
spare parts. This allocation is pzincipally an 
upper limit on the allowable, unassigned, “on 
hand” and on order stock quantity the station 
can have at any one time. 

DETERMINING STATION STOCK-OUT 
PERFORMANCE 

The problem of determining the probability, Ps, of 
a station stock-out (shortage) condition for a given 
value of x , Ts,l, was solved by the use of a Monte- 
Carlo Simulation Model programmed on an IBM 701 
Computer, using the probability functions of the daily 
demand P(N), and exponential replenishing time 
function as discussed above. Figure 5 shows the results 
obtained from this simulation model. It is interesting 
to note that the probability of a stock-out condition 
for a given allocation is asymptotic to Ps 0 and 
Ps = I. 

The expected average number of stock-out instances 
per year, F, for any one component at any one station 
can be computed as follows: 


F=365.( X ).( Ps} 
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STOCK SHORTAGE AT A FIELD STATION 

The total average number of stock-out instances for 
all different components at all stations is the sum of 
the stock-out instances of each ‘individual component at 
every station. 
COMPARING STATION PARTS AVAILABILITY 
PERFORMANCE 

Figure 6 illustrates te application of the probability 
chart (Figure 5) and equation (3) in determining 
the expected average stock-out rate of two different 
components “(A and B), at three different stations 
(X, Y, and Z). It is significant to notice in Figure 6 
that with additional unis: allocated, the reduction in 
stock-oyt rate changes for each additional unit 
allocated. Under certain situations, a unit allocated re- 
duces the stock-out rate a larger amount than the unit 
allocated before it. However, by continuing to increase 
the station allocation, a point is aways reached where 
each additional unit allocated to a station stock above 
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FIGURE 6 STATION ROTABLE SPARE PARTS 
STOCK-OUT PERFORMANCE 


this point reduces the stock-out rate a lesser amount 
than the prior allocated unit. In other words, the 
“payoff” of each additional unit allocated diminishes. 

Dividing the cost of allocating an additional unit 
to a station by the reduction in expected stock-out 
instances per year obtained with this additional unit, 
gives the average cost of preventing a stock-out per 
year. The right hand column in Figure 6 illustrates 
what the average cost of preventing one stock-out 
instance per year would be for each additional unit 
allocated of part numbers A and B at stations X, Y, 
and Z. Although the cost of allocating a unit remains 
constant (assuming no price break), it is seen that the 
cost per stock-out instance prevented per year for part 
number A_ increases with every additional unit 
allocated to a station after reaching a minumum point. 
In case of part number A allocated to station Y, the 
minimum cost per stock-out instance prevented per 
year is realized with the first unit allocated. 


DETERMINING PROCUREMENT VOLUME 
AND STATION ALLOCATION 


With the cost of preventing a stock-cut available for 
every component allocated to every station as discussed 
above, it is possible to determine the procurement 
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volume and the distribution of all rotable spare parts 
so that the smallest possible part stock-out rate is 
achieved for every dollar spent for spares provisioning. 
Figure 7 shows the inventory distribution of rotable 
spare components A and B among stations X, Y, and 
Z in consecutive order of increasing cost per stock-cut 
instance prevented per year. Column number 6 from 
the left shows the minimum part stock-out rate which 
can be obtained with the investment level shown on 
the corresponding line in the last column to the right. 
For example, the eleventh line from the top shows that 
in Figure 7 an investment of $48,720.00 in “A” and 
“B” rotable spare parts inventory can produce an 
average part stock-out rate of 14.9 instances per year 
provided only the parts listed above that line are 
procured and distributed as shown. No other volume of 
these three rotable spares, and no other allocation than 
that shown will produce a better performance for the 
equivalent investment, since each unit procured and 
distributed is selected no the basis of least cost (invest- 
ment) per stock-out instance prevented. 


Plotting a curve of the sixth column from the left 
versus the last column to the right in Figure 7 produces 
a graph illustrated in Figure 8. This curve gives manag- 
ment a “picture” of what the best possible rotable 
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FIGURE 7 DISTRIBUTION OF ROTABLE SPARES 
INVESTMENT TO ACHIEVE SMALLEST 
POSSIBLE STOCK-OUT RATE PER $ SPENT. 


spares inventory performance of part number A and B 
is at stations X, Y, and Z for any level of investment. 

If the exact premises for a future operation is not 
known, it is possible to compute several curves (like the 
one shown in Figure 8), one curve for each set of 
possible, or likely, premises. A set of curves of this 
nature provides management with information as to 
the expected outcome under various possible premises. 
If the cost of having stock-outs were known, it would 
be possible to change the graph in Figure 8 to show 
the optimum investment level, that is, where the sum 
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of the cost of preventing rotable spare stock-outs and 
the cost of providing rotable spares is a minimum. 
APPLICATION OF METHOD 

The method described above can be applied to any 
volume of rotable spares or any number of stations. 
It is obvious that if any great number of parts or 
stations are involved, it would be practical to make use 
of electronic computers. 

The fact that the procedure is suitable for computer 
application makes it possible to obtain speed in in- 
ventory planning, adjustments and control. 





146 


INCo— 














section 19 


NEW USES AND PRACTICAL APPLICATIONS 
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VAM: VOGEL’S APPROXIMATION METHOD 


by NYLes V. REINFELD 


Managing Director Executwe Services, National Institute of Management, Inc., 


Cleveland 14, Ohio 
Reprinted from the April 1957 issue of Tooling & Production Magazine 


F YOUR first- encounter with Mathematical Program. 
ming was at the hands of a mathematician, you might 
very well have been tempted to substitute a D for the 
V in the title on the basis of its relationship. But the 
title is correct as given. 

The three letters V-A-M stand for Vogel's Approxi- 
mation Method. Mr. W. R. Vogel developed the VAM 
while working with me in setting up a training program 
in Mathematical Programming for the Federal Govern- 
ment. 

The VAM is offered as a simplifcaton and short cut 
over other methods currenty in use. 


The method is very simple to learn and is exceedingly 
fast compared to conventional methods of solution, 
making it very suitable to industrial adaptation. Where- 
as conventional methods of solution require formal 
training, the VAM can be learned in a matter of min- 
utes, thus eliminating the bugaboo of mathematics 
found in industry. 

Based on our experience, the VAM will give the best 

answer to applicable problems in about 80% of the 
cases. In the other 20%, it will usually give a very good 
approximation to the best answer. In these latter cases, 
it usually removes the “cream” of the savings to be 
obtained. 
In addition, the VAM solution can be used as a starting 
point for applying conventional solutions reducing the 
total solution time to as much as one-fifth of that nor- 
mally required. 

Hence, the value of the VAM is two-fold: 
1.It is easy to teach and has a quick-solution time. 


2. With the solution obtained, you have a good point 
at which to apply more precise techniques, if the 
exact answer is required, again saving considerable 
computational time. 

The problems to which the VAN applies are the 
typical transportation or distribution problems, which 
represent the bulk of all presently known applications 
of Mathematical Programming (MP). Many such prob- 
lems exist in the normal traffic, production control, and 
inventory control activtes of the average manufacturng 
establshment. 


A CASE STUDY 


To illustrate the technique, let us take a look at an 
actual problem that was encountered at Joliet Arsenal. 
The problem deals with tractor-trailer movements and 
involves the distribution of 63 trailers to various loca- 
tions for purposes of picking up loads for further dis- 
tribution. 

Rather than consider the complete problem here, we 
will only consider the problem of returning the trailers 
after they have been unloaded. 
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If a department is shipping 8 traier loads out each 
day, then one quirement is that 8 empty trailers must 
be available at that department each day to pick up the 
loads. The Joliet problem was further complicated, as in 
industry, with the use of railroad shipments, thus up- 
setting the balance of shipments by trucks between 
buildings. In other words, it was possible to haul 15 
trailer loads of material out of a building each day, 
while only bringing in 2 trailer loads each day. The 
— material needed at the building was supplied by 
rail. 


The problem of getting empty trailers back for load- 


ing is formulated below in the “Trailer Return Table,” 
Table I. 
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TABLE | 
Trailer Return Table 


Along the top of the table are listed those depart- 
ments and buildings that receive truck shipments daily 
and therefore will have empty trailers available from 
which to draw. The number of empty trailers that will 
become available during the day at a particular building 
is shown at the bottom of that column. For example, at 
Bldg. 64, 18 empty trailers will be available each day. 

Along the left side of the table are listed those depart- 
ments and buildings that make truck shipments daily 
and therefore need trailers delivered to them. The num- 
ber of empty trailers needed during the day at a par- 
ticular building is shown at the far right of that col- 
umn. For example, Bldg. 66 will need 3 empty trailers 








each day. 

The figure in each of the little squares represents 
the time (in hundredths of an hour, based on the time 
study) to move an empty trailer from the building des- 
ignated at the head of the column #o the building des- 
ignated at the left end of the row. (Because, in this 
example, the material being moved included ammuni- 
tion, the distances between buildings were naturally 
fairly great.) The minus sign in front of the figures 
merely means that time is to be considered as costly, 
rather than profitable. 

The problem, here formulated, represents a typical 
problem encountered in industry in which it is desired 
to reduce the total material handling time to a mini- 
mum. 


METHOD OF SOLUTION 


The subsequent tables in this section show the method 
of solution using the VAM. Please note that the VAM 





method of solution starts with the table in the form 
given by Table I and, by a series of repetitive cycles, 
gradually makes assignments (by rows and columns) 
until all needs are met. Each cycle involves a series of 
steps which are repeated in exactly the same manner 
until the answer is obtained. 


In the example given here, seven cycles are required 
to get the final solution. The first three cycles are illus- 
trated by Tables II, III, IV, and the last four sycles by 
Table V. (In actual practice, you would work with just 
one table and build upon it.) 

To distinguish between the cycles, in each table a 
screen has been thrown behind the steps taken in that 
particular cycle. While you are first applying VAM or 
demonstrating it to someone else, it may be helpful for 
you to use a different color pencil for the action taken 
on each cycle. Thus: Red can be used for cycle 1, Blue 
for cycle 2, Black for cycle 3, Green for cycle 4, etc. 
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TABLE Ii —Cycle | 
Trailer Return Table 
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In addition, each step within a cycle has been indi- 
cated by an apppropriate symbol. These symbols are 
described in the step-by-step formulation below: 


STEPS WITHIN THE CYCLES 


Step 1: (Symbol: “Difference” column and row added 
to the basic table, as shown in Table II). For each row 
in the basic table, look at the time (cost) figures in 
that row and take the difference between the two small- 
est of these times. (If the problem were one that would 
provide for maximum profit, then positive figures 
would be used, in which case take the difference be- 
tween the two highest profits.) Write this figure at 
the right of the row in the “difference” column. 

For each column, look at the time-figures in that 
column and take the difference between the two small- 
est times (or two highest profits). Write this figure 
at the bottom of the column in the “difference’ row. 

Compute these differences for all rows and columns. 
Step 2: (Symbol: [1], a square enclosing a “difference” 
figure). Checking visually both row and column differ- 
ences, select that difference which is greatest. The larg- 
est difference in cycle 1 of our example (see Table II) 
occurs in a column, and therefore the figure, 24, in the 
“difference” row is enclosed in a square. 

Step 3: (Symbol: O, a circle enclosing a figure). In 


the column with the largest difference (24 in Table Il), 
assign the maximum number of trailers to the lowest 
cost (or highest profit). This step is illustrated in Table 
II by 14. Note that the lowest cost in column two is 
zero, hence the assignment is to be made in the block 
that contains that zero. In other words, it costs nothing 
to move trailers from Bldg. 3 to Bldg. 3. But when we 
determine how much to assign, we must check to see 
how many trailers are available and how many are 
mecded .. . in order to arrive at the number to be as- 
signed. In cycle 1, we find that 27 trailers are available 
at Bldg. 3. Since we need 14 trailers at Bldg. 3, we as- 
sign 14—entering that figure in the column and en- 
circling it. 

If the greatest “difference” as indicated by a square 

‘had occurred in a row instead of a column, the assign- 
ment would have been made to the block in that row 
with the lowest cost (or highest profit). Hence, the 
procedure in either case is the same. 
Step 4: (Symbol: X). When we assign trailers as in- 
dicated in Step 3, we will use up all- of the trailers 
(available or needed) in either a row or column. In 
Table II, the assignment of 14 trailers to column 2, row 
6, takes care of the full needs of Bldg. 3 and no more 
trailers need be borrowed from any other point. Hence, 
we cross or x-out row 6, indicating that we have used 
up its capacity. 
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TABLE Ill — Cycle 2 
Trailer Return Table 
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SUCCEEDING CYCLES 


We are now ready to start cycle 2 and we follow 
exactly the same steps as those above. The only change 
encountered is that the basic table is treated as existing 
of only those parts that are not x-d out (and we ignore 
the “difference” column and the “difference” row that 
we created on cycle 1). In other words, in our example, 
row 6 is not included in the calculation of differences 
for cycle 2. This will be true also in each subsequent 
cycle: Each time a row (or column) is crossed out, the 
differences are calculated only on the basis of the re- 
maining parts of the table. 


Table III shows the continuing process of what has 
gone before and also gives the steps used in the second 
cycle, as indicated by the screen background. A new 
“difference” column and a new “difference” row are 
constructed. In this case, the largest difference occurs 
in row one. Hence, 3 trailers are assigned to the cheap- 
est cost (zero) in row 1. Three trailers use up all the 
capacity of column 4, so it is crossed out. Since 20 trail- 
ers are needed at Bldg. 27 and only 3 trailers are avail- 
able there, we will have to transfer 17 more trailers to 
Bldg. 27 from some other point. 

The differences for the third cycle will now be based 
upon the part of the table that has not been x-d out 
by the previous two cycles. The steps for the previous 
cycles and cycle 3 are shown in Table IV. 





In cycle 3, the largest difference again occurs in a 
row. In fact, there is a tie between row 4 and row 5. 
Row 5 is selected because it has the lowest cost of the 
two tied rows. A number of rules have been developed 
for handling special cases of ties, but they will not be 
included here since this article is only intended to illus- 
trate the simplicity and practicality of the technique. 

The succeeding four cycles follow exactly the same 
pattern as that just illustrated and are given complete 
in Table V. Because the differences will normally change 
with each cycle, it is important that each cycle be com- 
pleted before going on to the next. The simplicity of 
the procedure, however, is apparent and the actual time 
involved for large problems is not too great. 

Recently, one problem involving a table of 37 col- 
umns and 13 rows was solved by Mr. R. W. Metzger 
of the GM Institute using the VAM. He estimated that, 
with proper application, problems of this size would 
take about two hours to solve by the VAM once the 
table was set up. The table given in our example, here, 
although similar, represents the total size of the problem 
worked on at Joliet. The figures are the original figures 
of the study that was initially made. 


In cycle 5, we encounter something new. The great- 
est difference exists in row 2, where we need 7 trailers 
for Bldg. 62N. Since trailers from Bldg. 1 (column 1) 
would provide the least time factor (—12), we should 
draw from that point. However, running down column 
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TABLE IV — Cycle 3 
Trailer Return Tuble 
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1 we find that we have already assigned 7 trailers of 
the 15 available. We still have 8 left, of which 7 can be 
assigned to Bldg. 62N, writing the figure 7 in row 2, 
column 1. 


Coming to cycle 6, the greatest difference exists in 
column 1. We need 12 trailers for Bldg. 62S (row 3), 
but only 1 trailer of those originally available in this 
column remains to be assigned. Therefore, we do not 
x-out the remaining squares in row 3, since we will 
still need 11 more trailers for Bldg. 62S. 


After cycle 7, there are two blocks indicated by the 
heavy rectangle in the table to which no assignment 
has been made. Bldg. 27 still needs 17 trailers. Since 
all options with respect to the table have already been 
taken, there is no choice; we merely assign the remain- 
ing capacity to these two blocks as shown. Once this 
has been done, the answer so obtained is an optimum. 
In other words, no other method for handling these 
trailers would be better in terms of time. 





INTERPRETATION OF THE SOLUTION 


The solution says that since Bldg. 27 will have 3 
trailers during the day, it will use these 3 trailers to 
fill part of its needs of 20 trailers a day. Bldg. 64 will 
send 7 of its 18 trailers to Bldg. 27 and 11 of them to 
Bldg. 62S, and so on. 


The solution can be carried one step further by set- 
ting up routes showing the actual paths of loaded and 
empty trailers, if desirable. Such an extension permits 
a more accurate measurement of daily load in terms of 
tractors needed to haul the trailers, it permits a balanc- 
ing of loads between drivers, and it permits a wide 
variation of sequencing so as to accommodate changes 
in schedule, delays in loading or unloading and priori- 
ties, without affecting the optimality of the end result. 

Changes in the solution, reflecting change in the 
number of daily movements of trailers from building 
to building, can also be made in a matter of minutes. 
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TABLE V — Cycles 4, 5, 6, 7 
Trailer Return Table 
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CONCLUSION 


The method of solution just discussed extends itself 
to solution of any type of Mathematical Programming 
problem which would be classified as a distribution 
problem. Since these types of problems represent a very 
high percentage of all Mathematical Programming prob- 
lems, the VAM has a wide range of application. 

The problem selected here does not illustrate all 
facets of the VAM. Special consideration must be given 
to ties and other analoguous situations for which a 
number of rules have been devised. 

Again it should be noted that the method is an ap- 
proximation and does mot guarantee the best answer. 
The answers obtained are best in about 80% or more 
of the problems encountered so far. Sometimes, it is 
necessary to “polish” off the solution by use of some of 
the more sophisticated mathematical techniques cur- 





rently in use in the field. However, even when the 
“polishing” is felt to be necessary, the VAM offers a 
short cut and solution-time savings of considerable value. 
When the VAM solution is best, it can be checked 
mathematically in a matter of minutes. 

Mr. Bert Kassing of the Nekoosa-Edwards Paper 
Company, in discussing one of his problems, estimated 
that the VAM took about one-fiftieth of the time nor- 
mally required by experienced persons with the mathe- 
matical method known as the MODI (Modified Dis- 
tribution Method), the method most frequently used. 

Because of its simplicity, we believe that the VAM 
will do much to foster the spread of Mathematical Pro- 
gramming into industry by making it a tool that every- 
one can use without a great deal of extensive study. In 
addition, it will make MP practical in those situations 
where time is an important factor and a computer is 
not a personal piece of equipment. 


Previous articles authored by Mr. Reinfeld that have been pub- 
lished by TOOLING & PRODUCTION are: “Do You Want Produc- 
tion or Profit?” (Linear Programming) in August 1954, and “The 
Principles of Inventory Management that lead to Higher Profits” 
in No ber and D ber 1956, and January 1957. 
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OPTIMIZING THE DOLLAR COST FOR THE 
“SCHEDULE CONTROL” FUNCTION 


by H. W. GEORGE 


System Development Corporation, Santa Monica, California 


HE “Schedule and Control” function herein consid- 
sidered shall include those activities which are the 
normal components found in Production Management. 
These production management operations include 
planning, budget development, forecasting, scheduling 
dispatching, receiving, stock and in-process control, in- 
ventory control, and shipping. In general, these are 
the necessary and important preparation and time- 
expedient responsibilities which determine the most 
effective and economical use of the available materials, 
men and machine integration system. Thus, in Schedule 
and Control operations, the complex manufacturing 
problem must be simplified into time-segment tasks 
which can be compatibly assigned to the existing pro- 
ductive organization. ‘ 


Assuming the necessary working capital is provided 
for the requirements established by Schedule and Con- 
trol, then the proper and timely use of the productive 
components is directed by the Schedule and Control 
function in accordance with a system or plan which has 
been in some manner approved by top management. 
Now, this transfer of the production responsibility to 
the Schedule-Control group or department is not done 
free—there is a dollar cost associated. What should top 
management be expected to pay for having this Sched- 
ule and Control job done? 

Cost of Schedule and Control: Cost A on Chart No. 1 


Chart no. 1, Dollar Cost of Control, shows the re- 
lationship between the Dollar cost of Control and the 
Level of Control. By Level of Control, it is meant that 
the relative level of the Schedule-Control Operation, 
namely no control, is assigned the value zero (0), and 
a complete Schedule-Control control over every last 
detail would have a value of one (1.0). The level of 
control which we find in actual practice will be at some 
value between zero (0) and one (1.0). 


The annual cost for Schedule and Control will be 
comprised here of three (3) component costs: (1) 
Wages of personnel in Schedule-Control jobs; (2) 
Schedule-Control Facilities and supplies; and (3) Data 
Processing facilities. 

(1) Wages of Schedule-Control personnel: These 
people are engaged in the Planning, Budget 
Preparation, Forecasting, Scheduling, Internal 
Servicing of Productive Entity, Finished Stores 
and Shipping. In the directing of the dollar 
expenditure and the subsequent use of the pur- 
chased and available productive components in 
assigned time periods, this group of people 
determines when to do what. 

(2) Schedule-Control facilities will include files, 
schedule boards, communication equipmenr, re- 
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production equipment, and forms. 
(3) Data Processing Facilities: The type of equip- 


ment used can be rental or purchased. In some 
plants, Schedule-Control activity may share the 
use of data processing facilities with other de- 
partments; then, the charge should be pro- 
portioned. 


The total cost for this Schedule-Control activity shall 
be called Cost A. 
The Level of Controls The Horizontal Axis on Chart 
No. 1 


On Chart No. 1, Level of Control is the horizontal 
axis with values from zero (0) to one (1.0). This 
concept, Level of Control, can more easily be under- 
stood from a consideration of the end or extreme con- 
ditions. First, with 100% control, we would have every 
part by operation controlled from the raw material pro- . 
curement through assembly and finished stores to final 
shipping. On the other hand, the extreme opposite of 
100% control will be 0%, or complete absence of 
control, wherein we would have no planning for work 
preparation or servicing of in-process requirements; 
this would be a production chaos, an impossible work 
situation. Somewhere in between these two extremes 
we find the average level of control, that is an intel- 
ligent, common sense level of controlling in full de- 
tail the complex part which will allow the establish- 
ment of key control points. 





Cost of Control Related to the Levil of Control: 
Chart No. 1 


This chart, No. 1 (Dollar Cost of Control), shows 
a zero dollar cost with a zero level of control; this is, 
in reality, a discontinuous point in the graph, since 
we have already stated this as an impossible real life 
situation. The 1 (or 100%) level of control has an 
associated cost of Maximum Dollar expenditure; this 
is considered as a relative point, however, the cost of 
maximum magnitude is probably reached by some com- 
panies which expedite their improper planning to 
death and so pay for inadequate control. As the level 
of control approaches 1., the cost will rise more quickly 
than at lower levels of control, since more careful and 
detail follow-up must be done. We are not allowing 
for any slipping of commitments; therefore, special 
or emergency work or overtime will be the remedy to 
correct any behind time work schedule. 


The Level of Control which is maintained by the 
Schedule-Control operation is of major importance be- 
cause of its associated dollar cost. In top quality pre- 
cision manufacturing organizations, this level of con- 
tro: may of necessity be high, that is, near one (1.0). 
Whereas in commercial or comparatively lower quality 
production plants the Level of Control may be at a 
somewhat lower level, for example, .5. The processing 
time requirements, product complexity, and the value 
of the work-in-control will be of significance in initially 
establishing the desired working Level of Control. 


Cost Associated With Inadequate Control: Cost B on 
Chart No. 2 


This type of cost can be attributed to those causes 
which can be found under inadequate production man- 
gement. Although it is possible to reduce these costs 
to a minimum, their complete removal is not economi- 
cally feasible. Figure No. 2 shows how these costs are 
related to the level of control maintained. The follow- 
ing four types of Cost B charges will be considered: 
(1) Productive Labor Loss; (2) Material Loss; (3) 
Machine Utilization Loss; and (4) Loss of Orders 
through improper Schedule-Control. 


(1) Productive Labor Loss: This loss occurs through 
hourly workers who report time against a par- 
ticular part and work order. This cost in loss 
of productive labor would develop from Time 
lost in Waiting for raw and in-process material, 


Idle Time, Additional Set-ups, Job Chasing and 
Expediting, and Waiting for Tools. A large 
part of this cost can be hidden costs in Train- 
ing, Separation, and Making Work because of 
Work Fluctuations instead of a leveled employ- 
ment. 

Material Loss: Inadequate control of material 
makes for increased flow time in manufac- 
turing with a decrease in the turnover rate of 
working capital in material. Incorrect material 
size and amount of material ordered, together 
with insufficient lead time for production to 
meet schedule—these are considered as extra 
costs occurring because of deficiencies in the 
material service function. 

(3) Machine Utilization Loss: Improper balance of 


(2) 
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machine scheduling with work requirements 
will make Idle Machines. If it is not economi- 
cal to use alternate machines for bottleneck 
operations, then it may be necessary to change 
the type of machines which can be available 
for the required type of work operations. 
Loss of Orders: Late and incomplete deliveries 
are sore spots with any production management 
function. A less critical but unwholesome con- 
dition results from excessive over shipments. 
Then, in the competitive market today, the best 
possible quality, as justified by the price, is 
demanded by the customer. When the manu- 
facturing personnel are troubled by unstable 
employment conditions, the worker’s concern is 
his job security and not doing his most in- 
terested and best performance. Consequently, 
the worker's performance is likely to be merely 
good enough—this does not make for satisfied 
customers. 


(4) 


In figure No. 2, the above four types of extra costs 
(Cost B) result from a non-control or inadequate con- 
trol situation—these costs are combined in the one 
curve. No attempt is made in the chart to separate 
them. However, in the example case shown later—the 
four individual costs will be individually developed. 
Optimizing the Dollar Cost of Control: 

Note Chart No. 3—Total Cost of Schedule and Control 


Two kinds of costs have been affixed to the Schedule- 
Control service operation, namely; (1) Cost A: The 
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cost directly assignable to the Schedule-Control Depart- 
ment and its activities; and (2) Cost B: The costs 
which occur from situations developed from IN- 
ADEQUATE or NON-CONTROLLED. When these 
two costs—A and B—are combined into a Cost C 
(where C=A+B), the Cost C represents the total cost 
for which Schedule and Control can be held respon- 
sible. 


Optimizing on total dollar costs, which in Figure 
No. 3 would be to determine the MINIMUM total 
dollar cost, we want the lowest point on curve C (see 
Figure 3). From this Figure 3,’ which is a typical graph, 
the minimum point on curve C is found in the indi- 
cated span for optimum leyel of control. The total 
dollar cost associated with this minimum point will be 
the target dollar cost or budgeted amount for the 
Schedule-Control operation. The Cost Curves A and B 
have a common characteristic in that in A as the 100% 
control level is approached (‘going left to right) then 
the related Maximum Cost is approached. Similarly, as 
you go from right to left along Curve B, the cost of 
non-control is approaching the maximum value at zero 
level of control. 

The maximum cost on Curve B will be related to 
the maximum cost on Curve A in an order of magni- 
tude greater than one ( ). This a basic 
reason why the Schedule and Control (Production 
Management) operation is economically feasible and 
continuing to exist. The dollar value (Maximum 
Cost of Non-Control) is likely to be 2 or 3 times as 
great as dollar value (Maximum Cost of Con- 
trol) in going organizations. 


With the above generalized approach to resolving 
what your Schedule-Control operation should cost, a 
specific example of a particular manufacturing will be 
considered. This we shall call Company PROFIT—and 
said Company has the following inherent specifica- 
tions. 


(This specific example will be presented and dis- 
cussed during the presentation.) 
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NEW HORIZONS IN DESIGN OPERATIONS FOR 
TOMORROW'S ENGINEERING 


by RALPH A, FULLER 


Division Engineer, E. 1. du Pont de Nemours & Co. 


S ENGINEERS—the future—inherently, is our business 


A (Fig. 1) *. It takes this kind of philosophy to assure us 
of the new and improved products and processes that 
are so vital to the expanding economy of the years 
ahead. The future requires a technology that is con- 
stantly expanding in versatility and one that brings ad- 
vantages to each succeeding generation—not enjoyed by 
previous ones. 





FIG. 1 


Industrial Engineering has contributed greatly, it has 
brought impressive gains, it has enriched man’s life, 
it has eased many of his burdens. Industrial Engineering 
in its role of today, offers the means by which still more 
impressive progress can be made in the years ahead. It 
is this kind of association which makes it a real pleasure 
to participate in your national conference and conven- 
tion and its thought-provoking theme, “The ‘60’s—A 
Challenge to Industrial Engineering.” 


A LOOK INTO THE FUTURE 


I view the '60’s as the underpinning, the foundation, 
for the years 15 and 50 years beyond. How well we de- 
sign and lay this foundation may well decide the pre- 
servation of the companies for which we work—yes, it 
may decide our very way of life. 


The fruit of test tube success in the laboratory can- 
not unto itself benefit your company or mine. It takes 
design engineering to make the results of research 
available for sale in the market place. 


Large research outlays of both industry and govern- 
ment, larger in the next ten years than in all of the 160 
previous years will lead to technological break-throughs 
not dreamed of today in electronics, metallurgy, chem- 
istry and power generation. Markets, not existing now, 


163 


may spring up overnight, and what is considered to 
be the stable, powerful markets of today will fall by 
the way-side in the wake of scientific and technological 
innovations. No forecast of course, can be more than 
a statement of probabilities—the future has to be 
earned. 

*Note: Visual aids will be used throughout the entire 
presentation. Examples of the 90 slides are referred to 
as figures herein. 


In this light, and here today, I will outline an eleven 
point program which improves the effectiveness of an 
engineering design operation. I will cover some broad 
concepts, some specific ideas and applications which 
we are pursuing at du Pont. In the course of discussion, 
I will indicate areas in which I believe new and greater 
emphasis must be applied to meet the known and un- 
known challenges of the future. And, I acknowledge 
now that it is through exchanges of know-how such as 
we are experiencing at this great conference, that en- 
hances and fires up inspirations that contribute to the 
future progress of our nation, as well as of the organiza- 
tions and companies which we represent. 


DU PONT ORGANIZATION 


To understand better the scope and application of 
the eleven point program for increased design effective- 
ness—a brief outline of du Pont Design Division or- 
ganization, scope and size, and its relationship to the 
Engineering Department and Company should be help- 
ful. 


Referring to this greatly abbreviated organization 
chart; du Pont’s Chief Engineer, Melvin F. Wood, who 
reports to the President, leads the Engineering Depart- 
ment which furnishes engineering services to 12 Indus- 
trial and 13 Auxiliary Departments. 


ENGINEERING DEPARTMENT ORGANIZATION 


The Engineering Department is divided into five 
divisions: namely, Design, Construction, Engineering 
Consultants, Development Engineering and Control's 
Accounting and Cost Estimating for the Department. 


In short, the Engineering Department makes avail 
able to all units of the Company, its latest developments 
in the field of engineering. 


DESIGN DIVISION ORGANIZATION 


Enlarging on du Pont’s Design Division, the high- 
light of our discussion today, it is responsible for all 
phases of design for new facilities. Its scope ranges 
from the gathering and evaluation of basic engineering 
data and procurement of major equipment, to the pro- 
duction of working drawings and specifications. 


Process sections are responsible for design of process 
equipment and piping, and overall project coordination. 








Specialists sections furnish Architectural, Structural, 
Civ, Power, Heating, Ventilating, Instruments, and 
Electrical designs for the Process Groups. 


The Consultant and Development Section provides 
solutions to unusual engineering problems and _in- 
vestigates advanced design techniques. 


The Management Service Section is responsible for 
subcontractor design and drafting, overall coordination 
of project scheduling, costs and cost reduction, im- 
proved methods for design operations, and development 
and distribution of engineering standards for Company- 
wide use. 


Design’s major role is to reduce to practice, in the 
form of profit making plants, most of the research data 
that is turned out by about 2200 technically trained 
people at work in 98 du Pont laboratories. 


Diversity of the Company's engineering can be ap- 
preciated in that 78 du Pont plants produce about 1200 
basic products or product lines. In fact, half of the Com- 
pany’s sales in recent years represent products that were 
first introduced commercially by du Pont within the 
past 25 years. This is a measure of progressive re- 
search and Design activity. 


THE DESIGN FORCE 


Presently we have 1300 engineers, designers, drafts- 
men and modelmakers. About 300 are contractor drafts- 
men employed in the New York City and Trenton, 
N. J. areas, and supervised by 35 du Pont designers. 


When we talk about the effectiveness of a design 
force, we are actually talking about the utilization and 
the effectiveness of people that make up the force. 
About 80°%% of engineering design expense is for sal- 
aries. 


Going further, the people of 4 design force must 
have imagination and drive to create new methods and 
skills, to use facts and logic to apply the engineered 
approach in transforming research into the tangibles of 
profit making facilities. They must have a distinct ca- 
pacity for innovation. 


They must work in environments that foster the at- 
tributes of creativeness, imagination and initiative, if 
we are to have tough-minded, aggressive design en- 
gineers producing quality engineering results. The 
eleven point program I will discuss is essential to the 
existence of this environment. 


COMPUTER TECHNIQUES FOR BETTER, FASTER, 
DESIGN PLANNING AND SCHEDULING 


To reduce the time from conception of an idea to 
plant operation, we telescope the research, design, con- 
struction and production phases of project work (Fig. 
2). Looking at this Project Timing Chart, both the 
technical effort and its scheduling must be constantly 
evaluated during the design phase. Very close liaison 
and careful follow-up is required if one is to reduce 
time and save money. 


This is accomplished at du Pont by using all sorts 
of devices and I'm sure most are well-known and prac- 
ticed by yourselves. I will only touch upon aspects 


164 











FIG. 2 


which I hope may benefit you and your work. First, 
operation by “Exception Reporting” and second, plan- 
ning by “Arrow Diagramming.” 


POINT 1—PROJECT CONTROL BY COMPUTER 
PRODUCED “EXCEPTIONAL REPORTING” 


To set the stage, du Pont designers are active on 500 
studies and projects. With 1300 technical personnel 
working on such a large and diversified activity, much 
of it concurrently, you can appreciate the magnitude 
of planning and scheduling on drawings, procurement, 
specifications and the effective application of design 
manpower. Let us take a closer look at one of these 
activities. 


For example, here is a computer produced procure- 
ment schedule. It shows scheduled date versus actual 
date for each phase that a procurement item progresses 
from “request for quotes,” to purchase, to fabrication 
release, and for shipping to the site. Listings for our 
Design Division total 60,000 items monthly. For a 
10 million dollar construction project, we average about 
350 such sheets listing 3600 procurement items. All of 
this is a tremendous amount of data—meaningless, un- 
less used effectively. 





























Univac computer screens these multitudes of procure- 
ment schedules and for each project produces separate 
“Activity” and “Exception” reports (Fig. 3). They 
tell us: 

—Procurement status by type of design work. 

—Delinquent items 

—lItems to be procured within sixty days 

—Status of items limiting,and critical to plant start- 


up 

—lItems grouped by vendor for expediting and in- 
spection 

—Statistical data for preparation of project status 
charts 

—Some ten other types of “Activity” or “Exception” 
reports as required 


This is typical of the kind of information that is 
produced for control of design activity. It results in 
timely application of our people to project work. It 
puts the emphasis where it belongs. 

Within the next several years we will require mem- 
ory devices with capacities in the range of 500 million 
to one billion digits or characters. We look forward 
to having design information available on instant de- 
mand and randomly selective. It will further increase 
the utilization of our people when and where it counts. 


POINT 2—DESIGN PLANNING BY “ARROW 
DIAGRAMMING” ON COMPUTERS 


A new approach to improve design planning is the 
“Arrow Diagramming” technique. It was developed 
jointly by Remington Rand and the du Pont Co. 


Inherently, engineering projects contain a technologi- 
cal sequence in that parts cannot be started until other 
parts are partially or wholly complete. Conventional 
charting and graphing techniques do not permit ade- 
quate analysis of thousands of details and the dynamic 
character of the project. 





FIG. 4 


This slide illustrates the “Arrow-Diagramming” 
method (Fig 4). Its application starts by listing every 
job that has a bearing on the project. Then relation- 
ships are established—that is, what must precede each 
job, what follows it, and what can be run concurrently. 
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Next inject the elements of time and cost. The prime 
purpose is to reduce the time taken by the project as 
much as costs will permit. 


The magnitude of detail is large, and hence, a com- 
puter program has been developed to produce a series 
of optimum schedules and related costs. 


On a test basis, on one of our recent projects, 1700 
job arrows were used to diagram the sequence of design 
activity. The computer produced 56 schedules varying 
in overall project time from 600 to 500 work-days. 


One major disadvantage is the considerable amount 
of input-detail required, hence before full further appli- 
cation of arrow-diagram to design scheduling, we are 
investigating ways and means to alleviate this condition. 

We believe that test such as the one just outlined 
will result in modification or an entirely new approach 
to design planning as we practice it today. 


MECHANIZING DESIGN COMPUTATIONS 


Du Pont has made major use of computers in its 
engineering research work for nearly ten years and in 
design applications for about four years. 


We believe it is worthwhile to prepare computer 
programs which use fundamental approaches rather 
than empirical formulas. The payoff comes when we 
are able to design less expensive plants; and, at the 
same time, have greater assurance that they will perform 
as designed. 


Computers available to our design people include a 
Univac I, a Pace Analog, an IBM-650, a Bendix G.15, 
and two desk-size LGP-30's. In the area of mechanized 
computations I will discuss two phases that involve 
large applications of design effort, first the “Mechaniza- 
tion of Routine Design Calculations” and then, the 
“Use of Computers to Produce Speedy, High Quality 
Design Evaluations.” 


POINT 3—MECHANIZING THE ROUTINE 
OF DESIGN CALCULATIONS 


Looking back over our experience, a number of 
factors stand out as being important to successful use 
of machine computation for assisting design engineers. 
I would like briefly to touch upon four of these. They 
are Management Action, Technical Adequacy, Per- 
sonnel Training, and Timely Service. 


To highlight the impact of these four factors on com- 
puter computation, I will use a single type of engineer- 
ing calculation, the determination of what happens to 
a piping system when it is subjected to thermal expan- 
sion. 


MANAGEMENT ACTION 


About three years ago, design engineers along 
with management became interested in the qual- 
ity of our high temperature piping designs. The 
systems were not failing. The question was wheth- 
er the short-cut methods normally used were lead- 
ing to overdesign and unnecessary investment. 

Management's attitude is therefore a critical factor. 
If their primary concern had been with the cost of 
producing the designs, they would have been satis- 





fied with short-cut hand methods. In this case, 
they wanted better designs leading to higher re- 
turns on investment. 

TECHNICAL ADEQUACY 
For piping flexibility analysis, in addition to 
stresses—moments and displacement calculations 
are necessary. Experience had taught us that ther- 
mal stresses in piping rarely damage the pipe itself. 
Flanges open to cause leaks. Turbines or pumps 
are pushed out of alignment. Walls of vessels or 
tanks are distorted. Hangers are snapped. Design 
must avoid these and other similar problems. 
After analyzing our needs, we achieved a running 
computer program that was mathematically rigor- 
ous, technically comprehensive, and sufficiently 
general that it can handle more than 90% of the 
piping systems designed for du Pont’s many types 
of chemical plants. This is done now by merely 
filling in data sheets for the computer. 

PERSONNEL TRAINING 
With the computer program at hand, we had to 
teach engineers how to use it. In the first place, 
it gave more detailed information on the expected 
performance of their designs than they ever had 
before. Secondly, it demanded more precise know- 
ledge of the details of their system than the short- 
cut methods demanded. Finally, they had to get 
used to the idea that they could evaluate many al- 
ternative designs on the computer in less time than 
they could work through a single design by the 
so-called short-cut manual methods. 

TIMELY SERVICE 
One of the truly important reatures of our general- 
purpose computer programs, such as the one just 
described, is the speed with which an engineer 
can get results after the program is prepared. 
He mails or takes computer data sheets to the 
computer room. He obtains printed answers with- 
in 24 hours, or he gets a computer printout calling 
his attention to mistakes he made in filling out 
the data sheets. 
With these answers, he has the needed informa- 
tion to evaluate the adequacy of his design. He has 
time to consider alternatives and to look for ways 
to cut investment or operating costs. Inevitably, 
he will do a better design job. 











Similar to calculations for piping, we have developed 
a wide variety of other diversified programs (Fig. 5) 
Included are pressure vessel design, heat exchanger 
rating, electrical power distribution, air duct sizing, and 
critical shaft speeds. More than 50 such programs are 
now available for use. They are summarized in the 
form of one-page abstracts, and the abstracts are assem- 
bled into a manual which is given wide distribution to 
our design force. 


POINT 4—COMPUTER APPLICATION FOR 
PRODUCING SPEEDY, HIGH QUALITY 
DESIGN EVALUATIONS 


In the chemical industry, process evaluation studies 
are a big part of our design function. However, they 
are often time-consuming after the idea for the alter- 
nate has been generated. 


Among the methods available in attacking engineer- 
ing problems, perhaps the most striking is the use of 
analogs to predict system performance. 


A PLANT AT 
YOUR FINGERTIPS 
_ . < OND | . 


- 


FIG. 6 


Analog simulation is exactly like having a miniature 
plant at your fingertips (Fig 6). It may be manipulated 
to operate nearly any way you choose, either as it should 
—or even as it shouldn't! While its behavior will 
match the plant's, the analog model operates without 
the limitations of a plant as to time, cost, safety, and 
disturbance of production. 


With a simulated plant set up on a computer, dif- 
ferent control settings can be tried 50 times an hour 
instead of once a shift. A dozen process changes can 
be simulated and evaluated at less cost than to install 
a hold tank or change the actual piping in a pilot plant. 
Emergency procedures can be tried for operations too 
dangerous to attempt on a real plant. Simulated upset 
conditions cause no real production or yield losses. 
Perhaps in the future, the need for high cost and time 
consuming pilot plants will be reduced through use of 
computers for low-cost plant simulation. 


POINT 5—RAPID RETRIEVAL OF DESIGN 
DATA THROUGH DOCUMENTATION 


A documentation program is underway to maximize 
the reuse of one of our most valuable resources—the 





technical information generated by Engineering De- 
partment personnel. 


Key technical and economic information from du 
Pont projects aggregating about a billion dollars invest- 
ment is being made more readily available to help 
solve today’s design problems. For both past and cur- 
rent projects, the various unit operations in an en- 
gineering sense are segregated into information pack- 
ages. They are indexed under dozens of terms which 
are then recorded in suitable equipment constituting a 
“memory.” 


Our engineers and designers send a wide variety of 
inquiries to the Engineering Information Center, such 
as: 
—What are the alternative processes for manufactur- 

ing chemical “A”? 

—Have we an existing design for an equipment 
item needed for a particular function? 

—What are the properties of material “B”? 

—Has there been an evaluation of equipment item 

“C” versus item “D” in a particular application? 





FIG. 7 


To answer these questions, mechanized searches are 
made by “memory” equipment (Fig 7). Design in- 
formation relative to each question is identified and its 
sources are furnished to the inquirer. He reviews this 
data for broad answers and for the location of drawings, 
specifications, calculations or other detailed information 
pertinent to solving the problems at hand. 


This modern retrieval of technical information has 
returned benefits in many ways to our design effort. 
It saves time from fruitlessly searching for information. 
It avoids duplication of effort. It indicates areas where 
design development work is needed to answer a fre- 
quent question. It indicates where design changes are 
desirable to overcome equipment operating difficulties. 
It supplies the technical man the best of past knowledge 
for him to use as a springboard to more creative de- 
signs. In total, this program contributes materially to 
the accelerating effectiveness of our design force. 


POINT 6—MODELS AND PHOTOGRAPHY 
PRODUCE FAST, QUALITY DESIGNS 


Use of models is a key aid in producing economical 
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designs for complex chemical plants. Their integration 
into project work has increased the ability of designers 
to make major engineering contributions in less time. 


Our model shop area is about 6700 sq. ft. and houses 
up-to-date facilities. In addition there is over 5000 sq. 
ft. of model assembly space throughout the design 
working areas. 


Model work in du Pont has evolved into many types. 
The two which I will highlight today have proven to 
be the most profitable. Each has a definite scope and 
function and each serves a specific objective. First, I 
will discuss the study model, and then, the field trans- 
mittal model. 


STUDY MODEL 





FIG. 8 


The study model is conceptional (Fig. 8). It mater- 
ially assists in developing the best, and the most econo- 
mical layout and arrangement with minimum design 
effort. It expedites agreements between design functions 
and our clients, the Manufacturing Departments. Ma- 
terials used in its construction are simple and rough. 
For instance, wood—plastic—wire are used to mock-up 
a dozen or more different arrangements before arriving 
at a satisfactory one. This study model work is usually 
done in the drafting room, by the engineer and de- 
signer. 





FIG. 9 





FIELD TRANSMITTAL MODEL 


The second type is the field transmittal model (Fig. 
9). It is the result of a team effort of designers and 
modelmakers and is built to sufficient scale to give de- 
sign information to construction. It results in better 
layouts and a reduction in number of drawings pertain- 
ing to piping, electrical, heating, ventilating and in- 
strumentation as compared to conventional drawing 
practices for project work. 


As an added dividend, they are used to train opera- 
tors; determine accessibility of components, safety, 
evacuation procedures, and our maintenance needs. This 
alone has saved untold hours during process plant 
start-up. 


PHOTOGRAPHY 


Using modern photographic equipment and _ sen- 
sitized drafting films, we make highly useful engineer- 
ing drawings of most anything that can be photograph- 
ed. 


Applications that significally reduce the routine 
drafting effort and make better use of designer talents 
are: 











—as design work proceeds on Field Transmittal 
Models, progress photo-drawings are issued to 
construction for field planning purposes (Fig. 
10). 

—Polaroid photographs are marked up to reflect 
existing conditions at plant sites in lieu of field 
sketching. 

—photographs of existing plant conditions are con- 
verted to “Cronaflex”* photo-tracings, design data 
added and issued to construction showing required 
alteration work (Fig. 11). 


The future will see an expanding application of mo- 
dels and photography to engineering. They initiate 
more creative designs, reduce routine drafting, and en- 
hance the engineer's responsibility toward designing 
facilities for low investment, operating and main- 
tenance costs. 


POINT 7—INCREASING THE RESEARCH— 
DESIGN RELATIONSHIP 


In the chemical business, things change rapidly and 
we must keep running to stay ahead. Out of the labora- 
tories have come new material and techniques from 
which have evolved advantages never before enjoyed 
by previous generations. Chemical research on the part 
of both us and our competitors is characterized by a 
constant quest for new ways to exploit matter and 
energy. 


*Du Pont Polyester Photographic Film 
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FIG. 12 


To compress the “research—design phase” for opti- 
mum project benefit requires the ultimate in coopera- 
tion between research and design personnel. (Fig. 12). 
To achieve this cooperation, it is essential that there be 
early participation of design at the time the research 
program for a project is being organized. Normally 
research personnel are long on scientific training, know- 
ledge and ability but short on plant experience, econo- 
mics and commercial scale up of laboratory processes. 
Design can assist research programs by taking a con- 
structive look at research proposals, and point out areas 
that need further exploration for practical considera- 
tions. 


“Product yields” and “equipment utility” are factors 





which are very important in determining when a pro- 
duct is sufficiently developed for ‘commercial sale. 
Sound design judgment can materially assist the re- 
search team to interpret and project the results into the 
feasibility of large-scale plants. 


Design contributions can be made in the design, 
procurement and expediting of pilot plant installa- 
tions. Design experience applied to pilot plants can 
shorten equipment delivery and speed up its production 
start-up. Such assistance permits better application of 
the creative potential of research engineers to creative 
thinking. 





We assign first-line design talent to handle key posts 
in the “joint-effort” approach on project work (Fig. 
13). The pattern, not new to industry, permits taking 
maximum advantage of design know-how in the early 
stages of project development along with team rep- 
resentatives from research, manufacturing, sales and 
others. 


We believe that during the ’60’s and the years be- 
yond, close “research-design” relationships will mater- 
ially reduce the time and cost of the fast growing re- 
search and development effort. It will give higher re- 
turns on investment. It will promote greater utiliza- 
tion of creative talents and broaden the viewpoint of 
both design and research engineers toward more ob- 
jective goals beneficial to the overall project success. 
After all, research and design are both creative in ob- 
gectives, undoubtedly one more fundamental—the other 
more practical in approach, but their apartness does not 
belong in the future. The most successful ventures will 
find “research-design” as a closely knit team effort. 


POINT 8—INCREASING THE 
DESIGN-CONSTRUCTION RELATIONSHIP 

Project complexities and new innovations in recent 
years, and in the years ahead, demand increasingly 
stronger ties between Design and Construction if we 
are to achieve more economical installations. 


For example low pressure air in a huge nylon bag 
was used to lift over 500 tons of steel struts and panels 
during construction of a 380’ diameter dome repair 
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shop building at Wood River, Ill. Steel crews working 
at ground level erected the dome from the top down 
as the air life raised the growing shell. Certainly, this 
is far different from conventional practices im the se- 
quence of building construction and shows the types of 
problems that the future design and construction en- 
gineer faces. It demands a thorough understanding of 
each other and of each other’s problems. 


To further enhance relationships, we have established 
three active Design-Construction committees; namely, 
Materials Handling, Instruments and Electrical. 


CONSTRUCT 


IN 





FIG. 14 


Typical for all three is the Materials Handling Com 
mittee (Fig. 14). Its organization consists of represent. 
atives from Construction, Expediting,. Vendors’ Inspec- 
tion, Design, Engineering Consultants, and Purchas- 
ing. It meets monthly, gives wide distribution to its 
minutes, also issues a Materials Handling Manua.l. 


Objectively these committees promote effective ex- 
changes of design and construction information for the 
combined impact in solving problems. They review 
available materials and methods, and develop new ones, 
all to obtain reliable plant facilities at reduced cost. 


POINT 9—DESIGN’S PART IN 
PRODUCTIONIZING CONSTRUCTION 


Productionizing of construction work at project sites 
is a potent source for reducing field cost. Design plays 
a very important part in maximizing these savings. To 
illustrate, I will outline briefly the effort on a research 
facility nearing completion at our Experimental Station 
at Wilmington, Delaware. 


Steps were taken early in the project to insure modu- 
lar repetition of hoods, furniture, piping, ductwork, 
wiring and drainage. It was agreed that a model would 
be used and that during its development, it would be 
studied in minute detail by design and construction en- 
gineers as well as by research chemists. Each was given 
every opportunity to make his best contribution to 
the project. 


As design progressed, changes were made to the 





model wherever improvements were apparent. Field 
engineers and craft superintendents were brought in 
from the construction site for consultation and advice. 
Concurrently construction engineers were planning for 
the most economical sequence of installation. Ultimately 
piping, ductwork and electrical systems were prefab- 
ricated on a production basis. 


Here you see the pipe and duct shaft on the model. 
This is the pipe being fabricated at the construction 
field shop. The pipe and ductwork are now in place in 
the laboratory structure. 


Admittedly every job is not a laboratory nor does it 
offer the same potential. However, we have applied the 
same principles to considerable of our work in varying 
degrees. Importantly, they take full advantage of the 
combined “know-how” of design and construction en- 
gineers. 


POINT 10—ENGINEERING STANDARDS MAKE 
MORE TIME FOR CREATIVE THINKING 


Application of .over 3400 du Pont Engineering 
Standards has materially advanced the effective utiliza- 
tion of technical forces. For example, during the past 
three years, design forces annually used standards on 
an average of 440,000 times. 


They are not product standards but are tailored to 
engineering needs. They include design details to re- 
duce repetitive drafting time; specifications of mater- 
ials, equipment, and jobs; design data, including form- 
ulas, tables and theory to aid in solutions of engineering 
problems; and proven ways of doing repetitive plant 
maintenance and construction work. 


To give you a better understanding as to how they 
result in large reductions in designer and drafting time 
—let us take a brief look at a few: 

—Flashing at walls or high parapets—instead of 

drafting such details, the code for this standard, B 
90 G, is noted on the drawing at the point of 
application. 

—This is a standard specification and covers general 

requirements for pressure vessels fabricated from 
carbon steel—and typical of many vessel standards. 




















FIG. 15 
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To further appreciate the application of standards 
for reducing design work, here is a typical centrifugal 
pump installation (Fig. 15). Thousands of such pump 
installations are used in our chemical plants. Designers 
use about 47 structural, mechanical and electrical stand- 
ards for each installation. Compare this to the repetitive 
drafting, calculation and specification writing that 
would have been required without the availability of 
such standards. 


The standards program currently is resulting in a re- 
turn of about $4.00 for every dollar spent on standards 
activities. They releve engineers and designers of repe- 
titious work, and hence, promote greater concentration 
on creative engineering. They assist in putting plants 
into Operation sooner. 


POINT 11—POLICIES, PROGAMS THAT 
MOTIVATE AND ENCOURAGE EFFECTIVENESS . 


Ever-continuous is the requirement to find new ways 
and means by which engineering talents are motivated 
to more effective application. Today, and certainly for 
the years ahead, we are a part of a civilization which 
has and will become progressively more complex with 
every achievement, every break-through in advanced 
technology. 


The ten techniques just outlined are not the complete 
answer to a successful design operation. Realizing this, 
we encourage and promote the individual's professional 
growth and strive to provide incentives that will exer- 
cise his skills and talents. For example: 


— it is policy to fill vacancies either through advanc- 
ing or transferring engineers within the organiza- 
ton. 

—Professonal development is advanced through in- 
creasing job responsibility supplemented with for- 
mal training courses, both general and technical. 

—Personnel performance reviews are looked upon 
as opportunities for the engineer and supervisor 
to discuss the development of the engineer's cap- 
abilities. 

—Drafting is contracted during peak workloads to 
minimize fluctuations in the permanent force. 
—The Design Division participates in the Engneer- 
ing Department's formal cost reduction and sug- 
gestion programs. They are highly organized. They 
inspire engineers to depart from the accustomed 
ways of doing things where benefits are to be 

gained. 

—Above all and most important—we change to meet 
changing conditions—we practice flexibility in or- 
ganization. 


These are just a few of the highlights of our way of 
operation. We believe they go a long way toward stim- 
ulating a designer's ambition to reach greater heights 
as well as providing an environment for the develop- 


ment of his leadership potential and professional grow- 
th. 


CLOSING 


Today I have reviewed techniques which we con- 
sider to be only a penetration into the needs and suc- 
cesses of the future—there are many unexplored fields 
(Fig. 16). 








.“What’s Ahead” for the design forces of tomorrow 
—most assuredly they must, and will, be breaking away 
from the traditions of yesterday and of today. They will 


be solving the complexities of laboratory achievements 
as well as the complexities of their own ingenuity and 
creativeness for the design of profit-making plants. 
Success heavily depends on contributions that will op- 
timize the gains and minimize the risks. 


Sometime ago, I had the pleasure of spending time 
with a team of industrial engineers from the United 
Kingdom—they visited about 75 companies repre- 
senting all sections of American industry. 


They were impressed by the prevailing atmosphere 
of industrial life, the competition between and within 
industries, the comparative lack of tradition, the willing- 
ness to try anything new and to take risks. Yes, you, 
we, in this great country of ours, should feel proud 
of what these English visitors had to say of America. 
And these impressions of us, must prevail not only for 
now but forever into the future. 


Gentlemen, today has not only been a privilege, but 
a great pleasure for me and I can find no better way to 
close than by leaving this thought, “Who dares to try 
to paint tomorrow's masterpiece with today’s brushes.” 
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THE PHYSICAL EFFICIENCY OF THE HUMAN WORKER 


W. H. M. Morris 


Associate Professor, Agricultural Economics 
Responsible Investigator, Purdue Farm Cardiac Project 


MEASUREMENT OF THE HUMAN INPUT 
NGINEERS HAVE been interested in the physical ef- 
ficiency of man for many years. In the eighteenth 
century the physicist Coulomb computed the mech- 
anical work done by craftsmen in a number of occupa- 
tions. In the U. S. the work of Taylor on the carrying 
of pig iron in the yards of Bethlehem Steel Works 
stands out as a pioneering effort in this direction (65). 
Taylor also recognized that the mathematical concept 
of mechanical efficiency was inadequate for human 
work, because of the exertion of forces without moving 
the point of application. Taylor also studied the opti- 
mum shovel load for the maximum daily output (66). 
Taylor’s figure of 21 pounds compares well with that 
of 22 pounds reported by Dressel in 1954 (18). This 
figure assumes that the average load will be 2-5 pounds 
below the capacity of the shovel. 


At the time of Taylor's work in the U.S. measurement 
of the physical input of the human was being developed 
in Europe. Since then practical methods have become 
available for calculating the human input and so the 
mechanical efficiency of man. This ranges all the way 
from zero to about 30 percent. 


We may first assume that in most industrial tasks. 
today the individual can perform within his physical 
capacity and without his body incurring an oxygen 
debt. This means that the worker can supply the oxygen 
required from his current respiratory process, without 
drawing on oxygen producing reserves within the body. 
The human input is measured directly by calorimetry. 
The chemistry of muscular activity is well enough 
understood that from the heat given out by the body 
as a result of activity the caloric input can be measured. 
This involves a large and sensitive calorimeter. 





Paper prepared for the 11th Annual National American 
Institute of Industrial Engineers Conference, Dallas, 
Texas May 1960. 


Today few of these calorimeters are in existance 
and most studies of the human input are made from 
the “fuel consumption.” Since carbohydrate molecules 
are “burned” with oxygen to produce energy for 
muscular activity with the major by-products of 
carbon dioxide and water, it is relatively simple to 
measure the oxygen absorbed and the carbon dioxide 
produced, the so-called indirect calorimetry. A cor- 
rection must be made to cover the different types of 
“fuel” normally burned by the U.S. worker. 


Two systems of indirect calorimetry are used - a 
closed circuit system, in which the air is inhaled from a 
reservoir. The second system, which is much more 
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common, permits the worker to inhale room air; ex- 
haled air is collected for subsequent measurement and 
sampling or passd through a gasometer of some sort 
and continuously sampled (14, 15, 73). 


There are some experimental methods for simultan- 
eous measurement of the oxygen concentration and 
volume of air exhaled and obtaining th eintegral of 
the oxygen absorbed (11, 33). 


The human input is expressed in terms of liters of 
oxygen per minute (about 5.0 Calories per liter of 
oxygen absorbed), Kilogram calories (Cal or Kcal) 
per minute, per task or per unit of work (foot pound 
performed in a specified way). 


The input is correlated to the body weight or sur- 
face area, although the correlation is specific for each 
task depending upon the extent of movement of the 
body. Some workers express the input as Cal/Ib body 
weight or Cal/sq meter body surface per hour or per 
task. In several of our studies it has been observed 
that such a correction increases the variability between 
subjects. Therefore, we have used Cal/min for the man 
or Cal per task. 


It is somewhat complex to measure energy expend- 
iture even by indirect calorimetry and there has been 
a long search for simpler methods. With a relatively 
small loss in precision - - about 10% within workers - - 
the input can be estimated from the volume of air 
exhaled alone (20). This is effective where the same 
subjects are being tested performing a variety of tasks 
or using different work methods. Where performance 
is to be compared between workers, this is not recom- 
mended. 


The other simple measures of the vascular system, 
heart rate and blood pressure, have also been used. 
Typical changes with increasing work load show the 
possibilities of these measures (Figure 1). The heart 
rate can be measured by hand at the wrist, by electro- 
cardiograph, by changes in opacity of the ear lobe with 
every pulse cycle (46), or even by mechanical pressure 
changes of the temple and a microswitch (63). Several 
instruments are made for monitoring the rate for long 
periods of time. 


The basis of using heart rate is that if the stroke 
volume does not change appreciably as the heart rate 
increases, the rate change is an index of the output 
of the heart. If the oxygen concentration in the blood 
is constant in arterial and in venous blood, then each 
pulse beat will represent an equal consumption of 
oxygen - the oxygen pulse; this is the oxygen uptake 
divided by heart rate. 





Fig. 1 Response in Physiological Parameters to a Work 
Load Increasing at a Uniform Rate (after Balke,2) 
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In fact, the stroke volume is approximately con- 
stant over a wide range; but the oxygen pulse is not 
constant, ranging from about 3-4 cc per beat at rest 
to 16 cc and over per beat in heavy work. The venous 
saturation, (the oxygen content of the venous blood) 
decreases considerably with increase in work load; this 
is a major indication of increase in oxygen consumption 
per beat of the heart. However, there is a certain 
range over which the heart rate varies linearly with the 
oxygen consumption. 


Pulse rate changes with work load. Table 1 shows 
that the heart rate rises in direct proportion with work 
over an appreciable range. There are two steps in this 
example: one at 14-15 beats increase/1000 f.p.m. and 
the second, when heavier loads are involved, at about 
11 beats increase per 1000 f.p.m. This is about 15-25 
percent of the resting rate. The change in energy ex- 
penditure from a change in load of 1000 f.p.m. is at 
least 1.5 Cal/min, about equal to the resting rate when 
seated. 


Table 1. Relationship between Work Load and Heart 
Rate (55). 








Work load Heart rate Heart rate 
fpm per min increment 
Resting 75 30 
2,000 105 27 
4,000 132 22 
6,000 154 23 
8,000 177 21 
10,000 198 
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In either case it is clear that the heart rate change 
for a small work load, say light assembly work will 
be relatively small, one beat per 100 f.p.m. The pulse 
rate is greatly affected by posture, by environmental 
changes, particularly heat in an industrial setting, and 
by emotional tensions (17, 72). These extraneous 
sources of change, together with the small change in 
pulse rate with small work loads, make pulse rate 
difficult to use as an accurate measure of the human 
input at low levels. It remains useful at high levels 
of work and in estimation of the overall cardiovascular 
strain on the worker. 


Combination of heart rate and mean blood pressure 
has been used as a “heart work index” (12). How- 
ever, there would seem to be more justification to use 
heart rate multiplied by the systolic blood pressure - 
the pressure during the power stroke of the heart. This 
has been shown to be correlated with the work done 
by the heart muscle (54). 


The sum of pulse beats above the resting rate from 
the end of work to recovery, the Recovery Pulse Sum, 
has also been used as an index of work stress (47). 


The body temperature is also an indicator of the 
work load under a constant thermal environment. How- 
ever, this requires measurement of the rectal temperaure 
with considerable care. The total range is of the order 
of about 2 degrees F, and unless the location of the 
sensing element is uniform, errors are introduced. 


For completeness the diet method of estimating 
human input should be mentioned (25). In this case 
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the total “fuel” consumed is measured or estimated, and 
predetermined calorific values used to estimate the 
total intake daily. If the individual is not gaining or 
losing weight the caloric intake must equal the cal- 
oric Output. 


Measurement of energy expenditure for longer 
periods, for a day’s work or for a week is either made, 
by a dietary study (used for example with soldiers) 
(15, 25), or by establishing the caloric requirement for 
each task and the time spent during the day in the 
performance of each task (35, 41). We have used a 
work sampling procedure with random half-hour 
periods of observation, to estimate the daily and season- 
al changes in the caloric expenditure of farmers. The 
calculation and analysis was done on punched card 
machines (46). 


There is a tendency when using predetermined en- 
ergy standards to underestimate the daily total (74). 
Wolff suggests that the error is due to failure to correct 
for the short periods of high load when changing from 
one activity to another. 


It is convenient to divide the human energy input 
into two parts, a working and a resting. The basis for 
this apparent, but, in fact, at lower levels of activity 
it is not clearly justified. As the muscular activity be- 
gins, a shunting of the blood occurs within the body; 
at three times the resting level, it has reached the pro- 
portions in Table 2. The. caloric expenditure in the liyer 
is reduced by a half, and that of the stomach and in- 
testines by one third; while that of the heart is in- 
creased threefold. 


Table 2. Change in Energy Consumption Within the 
Body with Work Load (37). 





Working, 3x resting 











Resting caloric expenditure 

Percent Percent 
Organ of total Cal/gm/min of total Cal/gm/min 
Muscles 38.0 0.018 70.0 0:102 
Liver 12.4 0.057 2.2, 0.030 
Stomach 
and Intestines 7.6 0.032 16 0.020 
Heart 44 0.083 45 0.250 
Other 37.6 21.7 

— = 100.0 


The energy used to maintain the basic bodily func- 
tions is deruced to meet the demands of the working 
muscles. This reduction is almost impossible to estimate. 
In practice it is ignored. The working energy expend- 
iture, above resting, is particularly useful in calculation 
of the total energy expenditure from its component 
parts. 


In an attempt to overcome the need for physiological 
measurement several research groups have developed 
methods for tracing the displacement of limbs, using 
movie film (23) or even using an electronic application 
of the Doppler effect, UNOPAR (49). Others have 
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studied the mechanical reactions of the body while 
doing work; perhaps the first was Dr. Elaine Knowles, 
now Weaver, measuring the force applied to the flat 
iron in ironing clothes by continuously “weighing” 
women while ironing (32). Since that time Lauru 
(34), Brouha (9), Greene and myself (27), and 
Whitney (69) have used force sensing platforms. We 
correlated the forces measured with the physical work 
and the human energy expenditure (28). 


SOME FACTORS AFFECTING THE HUMAN INPUT 


The capacity of the human for work is dependent 
upon the duration of the task. It is about 5 1/4 Cal.- 
ories a minute for an eight hour shift (Table 3). This 
is about 0.47 hp input. However, for shorter periods 
it is considerably greater; for example, in running up 
stairs, an expenditure of 40 Cal/min might be reached 
for a fraction of a minute. In running the 800 meter 
race in a good time, say 1.83 minutes, the energy ex- 
penditure is over 60 Cal/min. Shorter distances include 
so much anaerobis work (oxygen debt) that the calor- 
ic expenditure does not have the same meaning. For 
100 meters in 10 seconds the rate would be 300 
Cal/min. 

Table 3. Relationship between Recommended 
Maximum Work Load and Time (38). 





% of 

Day Hour yearly 
Year Month Week net work calories 10 min Min maximum 
750,000 62,500 15,000 2,500 313 52 5.2 100 
20,000 16,800 2,800 350 58 5.8 115 


18,000 3,000 357 63 63 121 
3,500 437 73 7.3 140 

600 100 §=100 192 

150 15.0 288 

25.0 480 


It is convenient to classify work by grades but the 
grades of work are only approximate and depend upon 
definition. The values developed in Sweden, which 
agree well with the German standards are shown in 
Table 4. In the U.S. these values are generally con- 
sidered too high. The Swedish “very low” is con- 
sidered “low” and the Swedish “low” - “moderate” 
and the Swedish “moderate” - “high.” 


Table 4. Grades of Work and Physiological Stress 
(after Christensen, 13, 43). 





Oxygen Energy Pulse Body 
consump- expen- rate temper- 
hp tion diture beats/ ature, 

Grade input liters, min. Cal/min min. degrees F 
Very low 1/4 05 25 75 
Low 1/4-1/2 05-10 25-5.0 75-100 under 99.5 
Moderate 1/2-3/4 10-15  5.0-75 100.125 99.5-100.4 
High 3/4-1 1.5-2.0  7.5-10.0 125-150 100.4-101.3 
Very high 1-1 1/4 2.0-25 10,0-12.5 150-175 101.3-102.2 
Extremely 


high over 1/4 2.5 over 12.5 175 over 102.2 


The age of the worker has a considerable effect upon 
work capacity. In terms of pulse rate, a “low” level of 





work for the young man becomes a “moderate” level 
for the older man, and so on throughout the scale. 
The extent of this change with age using two standard- 
ized levels of work is shown in Table 5. 


Table 5. Relationship between Age and Working Pulse 
Rate for a Sample of Swedish Steel Workers (43). 


Final Pulse Rate 
Step test 
Age group Number of 45 x 27 cm steps Bicycle ergometer 
years subjects per minute 600 kgm/min 
41-45 7 111 115 
46-50 7 124 123 
51-55 3 122 127 
56-60 5 123 122 
61-65 5 138 143 


The change with ageing has also been expressed as a 
decrease in the working capacity: with a capacity of 
100 percent at 25, the average man will have a capacity 
of 70 percent at 50 and 50 percent at 70 years (52). 
A considerable part of this demrease is caused by 
reduction in effective capacity of the lungs. 


Certain physical impairments, such as coronary heart 
disease, may also reduce absolute physical capacity of 
the individual. On the other hand, studies in US. 
industry have shown that the levels of physical work 
involved in most jobs in which cardiacs are placed 
today are not beyond their physical capacity (30, 67). 


The level of energy expenditure can also be used 
as a physiological basis for the rest pause. If the per- 
missable sustained rate is 5.2 Calories a minute, then 
time spent working at above that rate must be balanced 
by time working below the rate to give a shift average 
of 5.2 Calories a minute (47, 59). This system is 
satisfactory for work which is dynamic in nature. Work 
involving holding of weights and applying pressure can 
better be judged by a different system, based on ex- 
periments with this particular type of work (53). 


OTHER COMPONENTS OF THE HUMAN INPUT 


Since the human body must be maintained during 
work, other variables, particularly environmental and 
emotional, affect the total load on the body. While it 
is mot mecessary here to deal at length with envir- 
onmental stress, it will be helpful for the industrial 
engineer to identify some of the sources of additional 
strain on the human. 


The human body in health must be maintained at 
a constant temperature, - 2 degrees F. Therefore, the 
heat gained, from radiation, conduction and con- 
vection, as well as from the metabloic process in- 
cluding performance of physical work, must equal the 
heat lost. Under hot conditions a little of the heat 
load may be dissipoted by conduction and convection 
but most is lost by the evaporative cooling effect of 
sweating. Nnder stress the heat gain is dependent on 
the radiant temperature or the radiation striking the 
worker, the wind, and the physical work load. The heat 
loss is also dependent upon the wind, and the vapor 
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pressure fidderence between the skin and the air 
(effected by air temperature, relative humidity, and 
wind). 


At high environmental temperatures the energy ex- 
penditure to maintain body function is increased (1) 
and under extreme conditions the energy expenditure 
for work copocity is reduced and extra rest pauses may 
be needed to keep the stress within normally accepted 
limits. A mathematical regression model combining 
the effect of work load and environmental stress, to- 
gether with meteorological variables for prediction of 
energy expenditure and heart rate has been proposed by 
Suggs (64). However, since the model was developed 
with the bicycle ergometer it will require correction for 
application to the performance of other tasks. 


Here again physiology provides a rational basis for 
rest schedules, which should serve to reduce the stress 
from the shift - - conveniently measured as the sweating 
rate - - below thepermissable maximum, probably one 
one liter per hour (71). The sweating rate can be 
predicted by several empirical relationships and nom- 
ographs (4, 44). In practce it s noted that frequent 
short rests are much more effective than the same 
time spent in fewer longer rests; during longer rests 
there is a tendency to stop sweating, which greatly 
reduces the rate of thermal recovery. Recovery will 
take place more rapidly, if rest pauses are spent in an 
arair-conditioned area (8). 


A noticeable reduction of work capacity is expected 
when the weight loss exceeds 1 - 2% of the body 
weight (43). Other environmental factors such as vib- 
raton effect the energy expendture, for example while 
driving a tractor (21, 40) or a truck. 


The emotional stress, together with the psychological 
environment - - noise and similar items - - affect the 
human and add to the cardiovascular load and fatigue 
(72). However, there is no quantitative approach to 
these stresses. The surgeon, operatng with a relatively 
low work stress but a high emotional stress, may have 
three to four times thhe heart work (heart rate x 
systolic blood pressure) of the steel mill worker 
(Table 6.) 


Table 6. Heart Work Increase in Steelworker and 
Surgeon (24). Working increase in 








Cal/min pressure Pulse Heart work 
Steelworker 4.4 10 61 610 
Surgeon 3.0 80 35 2800 


MEASUREMENT OF THE OUTPUT 


Strictly mechanical efficiency of the human body 
will be the work output divided by the input. Work 
output is, of course, the force applied multiplied by 
the distance moved by the point of application. It can 
be positive or negative, when work is done on the 
body, for example, lowering a load or walking down- 
stairs. 


In fact, it requires human energy merely to apply 
the force, regardless of movement of the point of 














application. The anomalous phrase “static work” has 
been used to describe this type of human “work.” Its 
mechanical efficiency is inevitably zero. However, the 
human energy expenditure can be closely correlated 
with the force applied and the frequency of application 
(28). 


EFFICIENCY 
As early as 1901 Johansson (31) proposed that in 


performing a certain task with a variable work load 
under laboratory conditions, say, riding a bicycle ergo- 
meter, the human input was expressed by Eo + aW, 
where Eo is the resting energy expenditure, a is a con- 
stant and W the work load. This holds until the 
musculature required to perform the work must be 
increased. The energy expenditure per unit of work 
then increases exponentially to the limit of the respir- 
atory or circulatory capacity to absorb oxygen. Only 
in the case of using major muscle groups, such as the 
legs, can the oxygen absorption of the body become 
limiting (19). 

The greatest physical efficiency in the short run is 
at the highest sustainable load. Physiologists suggest 
that the optium pace is the highest pace which the 
individual can sustain without getting out of breath. The 
range of efficiency that is found in human “work” as 


already mentioned, is from 0 to about 30 percent. Ex- 
amples from E. A. Muller (Figure 2) show that cycling 
is the most efficient form of work, with pushing a 
load next. The least efficient are heavy lifting and 
pushing tasks. The capacity of man for periods of an 
hdur is the order of 10 Cal/min (Table 3, page 6) 
above this the efficiency generally declines. 

If the work is even heavier so that the energy ex- 
penditure cannot be met without incurring an oxygen 
debt, the efficiency of work is greatly decreased. The 
so-called anaerobic work (for example, running 100 
yard dash) is performed at half or less the efficiency 
of aerobic work. 

Experiments on isolated muscle preparations show 
that 40 percent of the energy liberated in the muscle 
appears in the initial contraction and 60 percent in 
the recovery (56). This makes no allowance for main- 
tenance of the body, or supplying the blood and re- 
moving the waste products from the muscle. The po- 
tential efficiency is therefore less than 40 percent. 

The relationship between work load and efficiency 
is not only dependent upon the level of energy ex- 
penditure but also on pace. The optimum pace of 
walking has been studied by several research groups 
(5, 7, 62). Typical results show a minimum energy 
expenditure per foot of travel, about 242 mph (Table 
7). 


Fige 2 Efficiency of Performing Different Tasks 
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Table 7. Energy Expenditure for walking (60). 





Energy expenditure 


Speed mph Calories/ minute Calories /foot 
LY 2.0 0151 
2 2.5 0145 
244 3.2 0143 
3 3.9 0145 
3 48 0155 
4 59 0172 
4 to 0192 
5 9.8 .0223 


It is reasonable to postulate that the most ef- 
ficient pace, in this case that with the lowest energy 
consumption per foot, differs between individuals. It 
is related to the natural period of oscillation of the leg, 
more energy being required to obtain frequencies that 
are above or below the natural frequency. The raising of 
the center of gravity of the body is also a factor; this 
increases from a total of about 9 feet per minute at 
2% mph to 25 feet a minute at 5 mph. This may 
account for about 15% of the total energy expenditure. 

An interesting analysis was made of the use of 
power in running (22) with an overall efficiency of 
22.6 percent. The human input was 29 liters of oxy- 
gen per minute (equivalent to 29 x 0.48* = 13.92 hp). 
The output was distributed as follows: 


hp percent 

Kinetic energy in legs and arms 167.57, 
Deceleration of limbs 0.67 23 
Work against gravity 0.10 4 
Wind resistance 0.13 4 
Friction of foot with ground 0.37 13 

eeeee 2 94 100 ‘eee 


A high proportion of the energy is used to move 
and brake the limbs. A_ significant part of this 
could be saved if the limbs are moving at natural 
frequency. It should be added that this runner was 
a trained athlete who would be likely to have 
a greater capacity and efficiency than an untrained 
man. 


Efficiency is also related to the portion of the 
body moved in performing the task. If the worker 
is able to perform the task seated, the energy 
expenditure is about 0.3 Cal/min lower than 
if standing. Using the lowest order of movement 
as recommended by Barnes in the principles of 
motion economy(3) has a sound work physiologi- 
cal basis. The use of the arm, if the job could be 
done by hand motion alone adds considerably to the 
rate of energy expenditure (Table 8.) 


The mechanical balance of the load on the body 
may also affect the efficiency. In carrying loads, 
for example, the most efficient method is gen- 
erally to carry an equal weight hanging from each 
hand. Carrying the whole load hanging from one 
hand - - when it is possible - - increases the energy 


expenditure by about 15 percent. This is usually ex- 
plained by the considerable “static work” necessary to 
maintain posture against this unbalanced load. In a 
similar way, if the load cannot be divided and is 
carried on the back, the energy expenditure is about 
10 percent greater than carrying a similar weight 
equally divided between the hands. 


Carrying the load on the hip introduces con- 
siderable unbalance and increases the energy ex- 
penditure by about 10 percent compared with 
carrying a similiar load on the back (18, 60). 





* One liter of oxygen per minute is taken as equiv- 
alent to 0.48 hp input. 
Table 8. Limb Activity and Energy Expenditure (60). 
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Energy expenditure, 


Limb activity range, Cal/min above resting* 


Work with hands light 0.3-0.6 
medium 0.6-0.9 
heavy 0.9-1.2 

Work with one arm light 0.7-1.2 
medium 1.2-1.7 
heavy 1.7-2.2 

Work with both arms light 1.5-2.0 
medium 2.0-2.5 
heavy 2.5-3.0 

Work with the body light 2.5-4.0 
medium 4.0-6.0 
heavy 6.0-8.5 
very heavy 8.5-11.5 





* For normal-sized man: sitting posture add 1.5 Cal/ 
min to above values for posture and resting energy 
expenditure, standing but stooped add 2.0 Cal/min; 
standing add 1.8 Cal/min. 

Note: This table can be used for the prediction of 

energy expenditure when specific values for 
the task are not known. 


FATIGUE 


Fatigue is a term used to denote inability of the 
body to maintain a physiological or psychological equi- 
librium. With the relatively low level of energy expendi- 
ture observed in industry today, physiological fatigue 
is probably not so serious as boredom in its effect upon 
human efficiency. However, its importance has been 
recognized for many years, and it is the subject of one 
of the earlier books by the Gilbreths (25). This book 
has a subtitle: “The Elimination of Humanity’s Great- 
est Unnecessary Waste - - A First Step in Motion 
Study.” This is how the Gilbreths describe fatigue. 


It is possible to detect physiological fatigue by a 
gradual and continued build-up of the heart rate and 
in an increase in the “pulse debt” (Figure 3). Brouha 
has used the oral temperature together with pulse debt 
to indicate fatigue (8). 
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Fige 3 Recovery Pulse After Performing the Same Quantity of Work 
at Three Different Rates (Miller, 47) 
(Arrows denote the beginning and end of recovery) 
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Physiological fatigue may also be accompanied by 
a depletion of the carbohydrate reserves, which can be 
shown by the blood sugar concentration; an increase in 
lactic acid content of the blood and the building of 
an oxygen debt; and dehydration from heavy sweating. 


It has been reported that the motion pattern becomes 
less accurately repeated and that the pattern as traced 
by a chronocyclegraph demonstrates this (36). How- 
ever, other studies have failed to find such changes in 
athletes, even near the limit of human performance. 
It is suspected that in performing certain tasks traces 
of irregularity from fatigue can be detected in the 
readings from the force platform. 
the frequency at which apparent fusion of the flicker 
into a continuous light is reported. 


The energy expenditure is expected to rise with true 
muscular fatigue; other muscle groups are presumably 
brought into play when the initial groups involved 
become fatigued. Zuntz (75) reports a 23 percent in- 
crease in energy expenditure per minute after four 
hours cycling at the moderate pace of 10 mph. 


UTILIZATION OF THIS APPROACH BY 
INDUSTRIAL ENGINEERS 


Industrial engineers have in the last quarter century 
concentrated upon one component of the human input, 
time and neglected the second, the rate function. Eco- 
nomically in industry today there is some justification 
for this, since we have no model for the cost of the rate 
of input or the rate of energy expenditure, while the 
cost of the time component is relatively simple to 
estimate. 


Physiological factors are built into the principles of 
motion economy and are also being employed to a 
limited extent in human engineering. However, human 
engineering is greatly dominated by applied experi- 
mental psychology and includes only a little work 
physiology. For example, in a recent text book-on human 
engineering no material on physiology of work was 
included. 


As has been mentioned earlier, physiological princi- 
ples were used in the studies by Taylor. Well known 
work physioligical studies include the reduction of 
heat stress carried out by Brouha for the Aluminum 
Company of Canada (10) and heat and work stresses 
in Swedish steel mills by E. H. Christensson (13). A 
comprehensive study of the cardiac at work in industry 
has been made by Hellerstein and Ford (30). Perhaps 
I should add the work of my own team in agriculture 
(45). Extensive studies have been made of the ac- 
tivities of service personnel (15,.50, 70). 


Data are available on the performance of some in- 
dividual tasks. The compilations by Spitzer and Het- 
tinger (59, 60) and of Passmore and Durnin (50) 
are of particular note. A series of four leaflets on the 
effective use of human energy has been prepared by 
the Loss Prevention Department of Liberty Mutual 
Insurance Company (42). Moving of packing cases by 
stevedores and laying of paving stones has been studied 
by F. H. Bonjer in Holland (6). Studies by Muller 
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have resulted in the design of a wheelbarrow requir- 
ing 20-30 percent less energy expenditure from the 
worker (18). Lehmann and others have also reported 
studies of industrial work of forging and various tasks 
in the manufacture of automobiles (41, 57). 


The optimum location for suspended tools, such as 
pneumatic screw-drivers and wrenches, in relation to 
the position of the worker has been studied physiologi- 
cally in the Graduate School of Public Health at Pitts- 
burgh. Apparently the position in which the greatest 
force can be exerted coincides with that of the lowest 
energy expenditure. 


Several studies have been made on vehicular seating 
(16, 29, 51, 58).These have led to the design of 
improved seats for tractors and truck drivers. 


A new branch of medicine, together with its physi- 
ological components, is being developed for the con- 
quest of space. Here again past and future research in 
physiology will aid the space engineer in the design 
and equipment of space capsules and the homes of the 
astronauts to be placed on other planets. 


Most of the modern studies mentioned in this paper 
have been made in Europe, particularly in Germany, 
Sweden, and England. In the US. research in the area 
of work physiology seems to be centered in the armed 
services and the farm and industrial cardiac studies. 


The physiological approach will show the industrial 
engineer the physical demands of the job. Knowing this 
he can estimate “job difficulty’ and develop changes 
where necessary to reduce the demands; these changes 
may be in the work method, the tools, or the environ- 
ment. The industrial engineer can also objectively 
predict or estimate necessary rest pauses to minimize 
fatigue and health hazards. 


Knowledge in this area will also assist the industrial 
engineer in job placement. For example, body weight 
is correlated with susceptibility to heat injury (61); 
therefore, where the heat stress is inevitably high, over- 
weight workers should not be used. 


The next 20 years will place greater demands upon 
the ingenuity of the industrial engineer than the last 
50. Here for example is the challenge to study the whole 
function of human efficiency using objective tools to fit 
the job better to the worker, and in the case of space 
engineering, even to make the job possible for the 
worker. 


I will watch with interest your response. 
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AN APPRAISAL OF WORK MEASUREMENT RESEARCH 


by JOHN M. ALLDERIGE 


Associate Professor, Cornell University 


I. INTRODUCTION 
OBJECTIVES 


HE TERM “work measurement research” is somewhat 
misleading suggesting that there is a research activity 
with that specific label. This is hardly the case. Indeed, 
the work measurement activity is characterized by hav- 
ing research of pertinence done under a variety of dif- 
ferent labels. This doesn’t in any sense diminish the 
importance of the research to people in work measure- 
ment or cast a slur on work measurement itself for not 
doing its own research. Work measurement is by and 
large an engineering activity concerned with determin- 
ing the labor content of operations, either existing or 
new. It is practiced in a variety of organizational situa- 
tions—industry, public institutions, merchandising, mili- 
tary—where the traditional concentration has been on 
the “worker” but more recently has been extended to 
the technical and professional man. The foregoing is 


offered in lieu of a definition of “work measurement” 
since that attempt always seems to bog down in endless 
controversy over the choice of words. 
Any appraisal must first portray the target before 
offering assessments. Accordingly, this report seeks to: 
1. Portray what actually is going on in Work Meas- 
urement research and other work studies, as 
opposed to what is popularly thought to be going 
on, by examing research efforts under the labels 
of industrial engineering, operations research, phy- 
siology, and the behavioral sciences; 

. In light of this portrayal, indicate development 
needs, to bring existing Management Science into 
engineering use, and research needs to resolve 
currently unresolvable problems arising in the 
study of the various kinds of work. 


This is obviously over-ambitious, but it can at least 
be considered a start in this appraising direction. Nor 
is any “negative attitude” intended by such an examina- 
tion—reviewing practices and concepts in light of mod- 
ern thinking is a continuing responsibility. 

This report is actually a first draft of the AITE Work 
Measurement Research Committee’s appraisal report. 
It has no “official” sanction at present and represents 
the somewhat personal impressions and viewpoints of 
the Chairman. Moreover, it is a “broad brush” approach 
to a vastly complex and extensive matter drawing from 
articles, research reports, the AIKE Work Measurement 
Symposium*, and informal personal information. This 
is not a research report on research activity and lacks 
undoubtedly specific documentation. At this point, time 
does not permit a more exhaustive treatment. None- 
theless, as an engineering institute’s adjunct, there is 
a distinct responsibility on the part of the Committee 
to “report back”—to try to carry out Item 2, above, 
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and bring whatever we can into sharp focus for pract- 
itioner, educator, and scientist. Our language (as in 
these preliminary comments) between ourselves may 
be obscure to others but at the end we must put to- 
gether some unequivocal statements for the different 
grc‘ips serving our profession. We will hardly be unani- 
mous but we can certainly delineate directions either to 
implement agreed-on concepts or to resolve disagree- 
ments. 


GENERAL POINT OF VIEW 

We are fortunate enough to have such diverse scien- 
tific efforts joining us in research and their activity 
indicates a basic point of vew. As engineers, we are 
essentially “doers’—we “make things work"— .. . 
design, improvement and installation . . .” We are an 
integrating activity bringing the knowledge of mathe- 
matical, physical, operations and behavioral sciences to 
bear on particular situations in real life. Engineering 
research, per se, is either development work—setting 
up the scientific knowledge in “easy-to-take-tablet- 
form” for wider application—or basic research seeking 
to understand the engineer’s role in his social environ- 
ment thereby helping improve his effectiveness. Also 
included in such research in engineering is the probing 
of the processes of inquiry to improve methods of shop 
analysis. These are legitimate engineering research areas 
where engineering itself—the activity itself—is the phe- 
nomenon in question. 


Industrial Engineering deals with phenomena, of 
course (as well as beimg one), of a social, operational 
and physical nature and understanding these basically 
is the essential problem of the research scientist. Indeed, 
“engineering research” concerning the social and me- 
thodological aspects of engineering itself is also in the 
research scientist's camp—largely in the behavioral and 
mathematical areas. So research of interest to engineers 
is quite likely to be carried on under a label that is 
non-engineering and should, indeed, be so encouraged. 


Professional societies (such as the AIIE) have, a- 
mong others, as a reason for being, the acceleration of 
the exchange of professional information, both within 
the profession and between the profession and sciences. 


*Held in Syracuse, N. Y., October, 1958. 


Research organizations are one of a society’s groups 
carrying out this acceleration function and are partic- 
ularly concerned with the resolving of heretofore un- 
resolved engineering problems. This requires problem 
knowledge as a basis and may require development 
work to bring existing knowledge into play or discovery 
of a new knowledge. Whatever it needs, the AIIE Re- 
search Organization must act to make appropriate rec- 





ommendations. 


THE RESPONSIBILITY OF SCIENTISTS 


Scientists serve as one important link to the fund of 
existing knowledge as well as potential fund of new 
knowledge. As we expose our problems, they, with their 
special knowledge, can undoubtedly help confirm and 
buttress our thinking, help reframe our problem de- 
scriptions in light of existing knowledge, suggest res- 
olutions of problems contained in obscured (to engi- 
neers) but present knowledge, and become aware of 
research needs in their own disciplines as pointed up 
by the problems. It is hoped that this report, in its 
eventual form, will permit a start on more coordinated 
attacks on the problems that are of mutual interest. 


Il. A Brief Review of Research Activity in Work 
Measurement 


A. INDUSTRIAL ENGINEERING 
1. Microscopic Time and Motion Analysis 


There is, of course, continued activity in this 
traditional area of work investigation. The efforts 
center around better definitions of motions, con- 
tinued experiments under a variety of conditions 
to support or change existing elemental time data. 
Some work is being done on mathematical model 
building at this level in an attempt to seek opti- 
mum deployment of anatomy and in an attempt 
critical to analyze the so-called “Laws of Motion 
Economy.” 


A new characteristic of such investigation, as 
far as the Industrial Engineer is concerned, is the 
invasion of the physiological realm (bio-mechan- 
ics). Several efforts are now “going beneath the 
skin,” literally, and exploring such physiological 
aspects as pulse rate, blood pressure, and oxygen 
consumption. This is often given the popular label 
of “fatigue” study but it really has the larger aim 
of identifying characteristics in a work situation 
that account for the wider unexplained variations 
from task time predictions based on motion analy- 
ses. 

2. Macroscopic Analysis 


a. Rating—This is another traditional area of in- 
terest still undergoing scrutiny although less 
extensively. Current projects center on examin- 
ing pooled observations of filmed operations 
and actual operations both with an eye towards 
buttressing the rating process itself and to- 
wards continued rational critiques of it. 

b. Operations Analysis—There is quite a bit 
of activity in expanding and developing of mo- 
dern operations analysis techniques. The adapt- 
ation of conventional mathematical models to 
the work situation (linear and non-linear des- 
criptive models), the development of tables for 
queuing models, the development of techniques 
for determining sample size and the number of 
variables to use in describing an operation and 
the adaptation of various optimizing models 
(calculus, mathematical programming) to work 
situations are all part of the picture. Moreover, 
there are continued efforts to seek characteris- 
tic “time study” distributions as well as experi- 
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ments seeking to compare different shop work 
measurement processes (work sampling in par- 
ticular) . 

c. Job Design—There is activity by Industrial 
Engineers in an aggregate approach to the work 
problem—job design experiments are more and 
more prevalent. These generally try different 
methods of performing an operation, or series 
of operations, and observe productivity results. 
For instance, one such experiment series tried 
highly specialized tasks by numerous people 
versus complete assembly by one person with 
each condition run for several months. Some- 
times the terms “work simplification” and “job 
enlargement” are associated with job design 
research although they are popular labels at- 
tached to extreme conditions still being studied. 
d. The Professional Worker—Industrial Engi- 
neers are considering the labor content problem 
in non-“blue collar” areas. The activity is slight 
but applications of work sampling and the de- 
velopment of special measurement approaches 
mark at least a beginning of interest and pur- 
poseful research activity. 

3. Instrumentation 


Aside from instrumentation for research pur- 
poses (a matter outside the interest of this report 
since it is all part of the research itself), there is 
continued activity in the development of instru- 
mentation for shop study. Various devices have 
been and are being worked on to make the collect- 
ion of data at the operation more rapid, more ex- 
tensive, and more refined. Extensive use of punch- 
ed paper tapes, punched cards, and electronic data 
processing of both a generalized and specialized 
nature characterize these efforts. Actual shop use 
has been limited but is probably going to expand. 


B. OPERATIONS RESEARCH AND 


MANAGEMENT SCIENCE 
1. Operations Analysis 


Research work of interest to those in work 
measurement carried out by people operating un- 
der the above labels falls into two broad cate- 
gories: operations and behavioral. The latter is 
dealt with under item C. below, primarily. Where- 
as the characteristic Industrial Engineering activity 
in operations analysis is development of techniques 
based on research, the operations research and 
management science people are working on new 
approaches and new models of future usefulness. 
Queuing theory refinements, experimental design 
refinements particularly with respect to process 


experiments, and basic decision theory all have 
bearing on work measurement. Mathematical work 
on numerical analysis along with computer re- 
finements are aimed at making more tractable 
certain models that have been outside the range 
of possibility for engineers in day-to-day practice. 


. The Professional Worker 


Some worth-while attention is being paid to 
the engineering process itself by Operations Re- 
search people. The effort treats this process with 
the models and simulators so familiar in manufac- 





turing process studies. The high variability and 
complexity of the engineering process call for 
some fairly sophisticated treatment and it can only 
be called primitive at this point. 


C. BEHAVIORAL SCIENTISTS 


:. 


ho 


Wo 


General 

There are many disciplines associated with 
label-psychology, social-psychology, sociology, psy- 
chiatry, and certain segments of management 
science. The research work is extensive but can 
be broadly grouped into two categories: study of 
the individual, study of groups. 


. Study of the Individual 


a. The Rational Individual—This is a controver- 
sial heading, no doubt but it attempts to describe 
work of a psycho-physiological nature on reaction 
times, color and shape response, calculating times, 
etc. Such work often comes under the heading 
“human engineering.” Intensive military research 
efforts along this line are taking place as they be- 
come more and more involved in intimate man- 
machine systems. 

There is continued activity in testing and exam- 
ining, of course. Psychological testing has extend- 
ed to practically all occupations and, interestingly 
enough, appears to be creating more research the 
more extensive its application. The changing na- 
ture of occupations accounts for much of this— 
workers as monitors of complex automatic equip- 
ment represent something quite different from the 
familiar free-effort operation. In this same con- 
nection, psychological study of the learning process 
must be noted. Industrial Engineers are working 
on the matter as well, as should have been stated 
above. 

b. The Emotional Individual—Reaction _ times, 
color response, and the like are one thing—the 
emotional set of the individual can affect behavior 
along these lines and experimental research work 
aimed at disclosing the emotional component is 
more and more apparent. These experiments are 
generally in limited and controlled “laboratory” 
situations. Most research work in the real life 
setting (limited as it is) tends to be more observa- 
tional, or clinical than experimental (as far as 
individual study is concerned—group experimental 
work is noted below). The major exception, of 
course, is the military where there have been 
numerous experiments of actual man-machine 
systems to explore emotional response and stability. 

Psychoanalytic concepts -are being introduced 
anew in the study of the professional man and, 
particularly, the manager. Here, the research work 
seeks to demonstrate the effect on managerial 
leadership, motivation, and control of a manager's 
unconscious mental processes. It hypothesizes that 
as conscious control and awareness of these are 
increased, managerial effectiveness will tend to be 
increased. 


. Study of Groups. 


a. Industrial Studies — This is a classical area for 
psychologists and social-psychologists. The Haw- 
thorne experiment is long over but it has several 
more recent counterparts (in basic idea — not 
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result). The job design experiment mentioned 
earlier is typical of current experimental work — 
other kinds of situations are explored also. Com- 
parisons of different goal-setting techniques are 
typical — several experimental series have ex- 
amined autocratic-unilateral, bilateral, and group 
productivity goal-setting in reasonably faithful 
real-life settings. Questionnaires, depth-interview- 
ing, and clinical observation have been used in 
follow-up. And it is worth noting that only limit- 
ed clinical observation work is being done in this 
area. 

Another research activity of note here is that 
of the critical scholar. Work Measurement has 
had several in recent years not only dealing with 
technical matters but particularly dealing with be- 
havioral matters relating to worker groups in the 
industrial situation. Scholarly critiques are quite 
familiar on the sociological scene ranging from 
the esoteric to the best-selling popular kind. This 
may not be considered research by some but its 
impact is considerable. 


b. Laboratory Studies—Group studies are being 
conducted “inside” more and more in an attempt 
to come to grips with basic ideas. The term 
“Group Dynamics” is often used in connection 
with such experiments. Experiments of this kind 
set up primitive to complex group tasks and 
pursue them in various ways. The individual in- 
teractions, the group performance, attitudes, com- 
munications, etc. are all subject to scrutiny by the 
social psychologists. The military has an obvious 
interest and is active in such work. 


The above is just “once-over-lightly” and is no doubt 
quite incomplete and possibly incorrect in certain 
places. It is hoped, however, that a general impression 
is registered—that a picture emerges of many activities 
pursuing matters that range from the familiar with 
obvious connection to Work Measurement as generally 
understood—to the unfamiliar with only a vague con- 
nection apparent. This is indeed the picture—a lot of 
work is going on by diverse interests and it all has 
bearing on Work Measurement as we Industrial Engi- 
neers intuitively know it. 


III. Comment on Research Directions 

A. GENERAL 
It’s interesting to see the several main streams of 
thought that are in evidence in most of the research. 
In the traditional micro-element ‘time area of Indus- 
trial Engineering there has been a slow progression 
towards physiological research which, in turn, is 
tending towards the inclusion of more psychology 
(human engineering). Here there appears to be a 
legitimate split—there are continued efforts in the 
purely psychological direction with more and more 
emphasis on the emotional content and then there 
are the group efforts in group dynamics and social 
psychology, moving outwards again to macro 
levels. It is here that the scientists meet another 
traditional Industrial Engineering interest, incentive 
standards, and meets a newer activity of modern 
operations analysis. So there’s a full circle image of 
this research work. 





The following comments range far and wide but 
start on familiar Industrial Engineering ground. The 
whole problem of “standards” and synthetic times 
is first discussed followed by some remarks regard- 
ing behaviorial research. The last two short sections 
touch on operations analysis and engineering design 
in Industrial Engineering. 


B. THE “ONE NUMBER” IDEA 
Standards 


The fundamental point of view reflected in most 
thinking might be called the “one number” idea. This 
says that there exists for any described performance of 
an operation one “right” time value. Given this pre- 
mise the problem, then, is one of finding that number. 
This number is conventionally called a “standard” or 
a “normal time” or a “fair day's work time.” With that 
somewhat general notion, the process of finding that 
number follows two paths. On one hand there is an 
impression—a concept—of what this normal time value 
is and it is felt that if enough impressions are pooled 
this might operate as a definition of the normal time. 
On the other hand, however, there is the constant ques- 
tion, “Does it work?”; is the actual performance “rea- 
sonably close”? So there appears to be another basis for 
evaluating “normality.” Now, it is not really important 
from a theoretical point of view whether or not these 
two definitions conflict. It is, rather, important to note 
that there are two. Of course, in practice they do often 
conflict—many grievances are testimonials to this fact. 
But the important thing, again, is that there are two and 
in the seeking of a “standard” this has to be resolved. 
Operational Definitions 

Still staying with this one number idea and accepting 
it for the moment as appropriate, one might seek to 
resolve the above dilemma by establishing an operation- 
al definition of a standard. Using the first notion—the 
notion of the pooled concepts—one might say that a 
“standard” is what the pooled opinion of a specified 
number of observers say it is. These observers would, 
of course, all be tested for consistency through a variety 
of devices well documented in the literature on sensory 
perception—taste-testing, print inspection, etc. Now, 
this has been done under the idealistic situation of 
movies in which the identical operation cycle is re- 
peated and numerous operations observed. The results 
universally have shown that the distribution of indivi- 
dual rating instances have a two standard deviations 
value of plus-or-minus 15 to 20% of the mean. More- 
over, ‘studies show that the major component in var- 
iance is within-observer variance—the apparent in- 
ability of an observer to reproduce his value judgment 
under presumably identical situations. Let us note, 
somewhat parenthetically, that if this appears as a sur- 
prise, it is, perhaps, due to the fact that most published 
reports on rating deal in averages and not with indivi- 
dual rating instances. None-the-less, with this informa- 
tion of the inherent variability of the observer, certain 
statistical suggestions can be made, such as pooling ob- 
server opinion in the actual rating instances on the job 
and getting sufficient population of observers to give 
some confidence interval on the average value. 


The above very sketchily demonstrates that it is 
within our statistical ability to develop some universal 
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standard for any described operation—a universal stand- 
ard, of course, based upon the above operational defini- 
tion. This would be a delicate job requiring a lot of 
fairly high-powered statistics that are, perforce, associat- 
ed with psychophysical measurement of this sort. But 
let’s put the case that was done and, for the moment, 
forget other problems that will be mentioned later re- 
garding the synthesis of elemental operations or move- 
ments—so what? There still is nagging at the back of 
our minds the question, “will it work?” This is another 
way of saying that somehow or other we don’t quite 
accept the impassionate neutrality of a statistically- 
controlled, highly consistent and precise jury registering 
“objective” opinions. We cannot desregard the fact that 
difficulties might arise if this opinion is too far re- 
moved from what actually is taking place in some local 
situation. Accordingly, at the other end of the stick, 
so to speak, there is another possible operational defini- 
tion of the normal time. This definition might read, 
“A standard is what a large group (say more than 20) 
of trained people (operating-on the higher level plat- 
eau of the learning curve) will do.” Now, this is anoth- 
er definition which one can proceed to verify with 
statistical techniques and obtain a very consistent figure. 
There might be several feelings about this type of a 
standard. If the operator population was fairly universal, 
the local problem of “will it work?” still prevails. On 
the other hand, if this definition is sought purely local- 
ly, then there is a feeling that perhaps a great chance 
for improvement is being missed—its very lack of 
universality makes it suspect. 


So, even with refined operationally verifiable defini- 
tions, the dilemma still exists. On one hand, we do not 
quite trust what is observed and on the other hand, we 
do not quite dare not to trust it. There is probably no 
debate that this dilemma exists only in the incentive 
pay situation, for where incentive pay does not prevail 
and where it is purely a problem of getting time values 
—not “standards” in the conventional sense—statisti- 
cally sound work measurement can offer pertinent and 
valid time values for such purposes as predicting manu- 
facturing costs and scheduling production. In the area 
of design, the dilemma as described does not prevail 
for here, again, local data are appropriate inputs. The 
question there deals with the technical problem of syn- 
thesis—how to put even good elemental times together 
for a reasonable prediction. 


The notion of a standard is only important where 
one is concerned with improving performance and not 
using it as it exists. This, at least, is a paraphrase of 
the conventional thinking. And there is a general re- 
alization that a standard improvement expectancy can’t 
be too great without inducing the opposite effect. Thus, 
discouragement sets in and this is true of all areas of 
human endeavor. Nor can a standard improvement ex- 
pectancy be too small for this disrupts the @ priori no- 
tion of wages. In a qualitative sense, perhaps, partial 
resolution of this dilemma can be achieved if a standard 
is thought of not as what a group of “experts” say it is, 
not as people actually perform, but as what performance 
will be under some future altered circumstances. More 
specifically, in the conventional incentive pay situation 
two dominant things take place when an incentive pay 
plan is instituted; (1) the declaration of a standard, 





and (2) more money. Both of these represent a very 
major change in the situation as it was measured and 
the pooled opinion idea appears in reality to be an 
attempt to predict what will go on under these changed 
circumstances. We can, in other words, by introducing 
socio-economic factors, perhaps explain the pheno- 
menon a little better and perhaps improve our notion of 
a standard. A standard is conventionally thought of, 
now, as a function of method. This might be called a 
physiologically based standard (or perhaps anatomi- 
cally based would be better) and our apparent dilemma 
over making such a standard satisfactory suggests a 
standard that is a function of the economic aspects— 
such as the base earning rate, the money offered, the 
proposed productivity increase—and the social aspects 
—mainly the impact on motivation of the declaration 
of the standard. One gets the impression, currently, 
that setting a standard is partially creating a standard 
—something on the order of measuring the tempera- 
ture of a bucket of water with a hot thermometer. The 
resulting temperature is dictated to a certain degre¢ 
(no pun intended) by the initial temperature of the 
thermometer itself. In a similar fashion the very declar- 
ation of the standard to a large degree dictates the 
eventual performance against that standard. There 
appears to be a fairly reasonable range within which 
anything will work, which always suggests something 
higher might have worked and contributes to the feel- 
ing that the “will it work” criterion for normality is 
not entirely acceptable, at least in a theoretical sense. 


Of course, in the practical sense, the “will it work” 
criterion is the only usable one, by definition. And if, 
as suggested above, there’s a wide range of workability, 
the thought naturally arises, “Why not use some univer- 
sal ‘one number’ system?” Again, practically, synthetic 
systems are more complex than is usually needed for 
the local situation. They have to be, of course, to be 
universal but this unwieldiness defeats their ostensible 
purpose. Far greater engineering economy can be real- 
ized by intelligent local operations analysis using up 
to date statistical and mathematical tools than can ever 
be done using synthetic systems. For the day of highly 
repetitive elemental motions is waning. Element mix 
and product mix dominate and good use of even poor 
data is better than poor use of good data (if one were 
to admit for the moment that universal data were 
good). There’s a blending problem in synthesis that 
still has to be met and which is as hard as getting the 
numbers to blend. Universal synthetic systems are in- 
adequate on technical grounds in a large number of 
operations today. They mistake refinement for insight 
and do not embrace a notion of the decision that is to 
be made with the data. 


Now, on a theoretical basis, the “will it work” crit- 
erion is usually invoked when the standard doesn’t 
work. Yet it is really most suspect when it does work 
since there is the good chance that some other standard 
might have been fairer. The working standard is fair 
since it is working—again, by definiton. But maybe 
a higher or lower standard would also have worked 
with the attendant lower and higher money return (the 
desirability of direction—of what is fairer—of course, 
depends on the operating philosophy of productivity 
vis-a-vis purchasing power). Accordingly, if we seek 


195 


this “one number” (really “one best” number) we 
must recognize that a standard is dependent not only 
on method but on the social and economic factors in- 
volved, as well (at least). Of course, unquestionably 
psychological factors are involved. However, these fac- 
tors relate to the individual and the incentive system is 
presumably designed to discriminate between individ- 
uals on the basis of productivity regardless of their 
particular emotional or even physiological variability. 
So, if these social and economic factors are appropriate 
and one can envision a standard as a three-way func- 
tion of the method, social situation, and the economic 
situation, it follows that we need descriptions of these 
social and economic conditions. It means that socio- 
economic measures are, in part, fundamental to imple- 
menting the “one number” idea. Quite frankly, it’s 
hard to comment on the adequacies of current socio- 
metrics to meet this need. It seems that the disparity 
between base rate and proposed monetary return con- 
sidered along with the proposed productivity increase, 
considered along with the social status of the individual 
or individuals involved which would give some clue as 
to earning aspiration, are broadly the factors that need 
be measured. It is the latter social factor which one 
suspects is difficult and that perhaps we should discuss 
at some length with people in that discipline. 


In the event, as is most likely, this is fairly virgin 
territory, it would seem that the “one number” idea 
is inadmissable at our current level of knowledge. It 
does not seem likely that the next decade, even, could 
produce sufficiently competent, sufficiently adequate 
social measures let alone a usable formulation of this 
group motivation system for such a “one number” 
standard. It is mot that it should not be pursued — in- 
deed, this is the alternative proposal that is put forth 
—but it does seem to leave us in the position of de- 
veloping local standards with industrial engineers more 
competent in their local operations analysis. This is 
also offered as an alternative research direction. 


The fundamental point of view—the “one number” 
idea—does not appear to be theoretically acceptable 
currently since the factors necessary for adequately de- 
scribing such a standard are not all measurable. More- 
over, the residual chance variability that exists when 
one considers only method and not the social and eco- 
nomic factors does not necessarily produce a workable 
standard and cannot produce except by accident an op- 
timum standard in the local context. 


C. THE CLINICAL APPROACH 


One point worth pursuing was only hinted at above. 
It was noted how important socio-economic measures 
appear to be in the development of a “standard” con- 
cept. Now, it may be that the need for this concept is 
no longer with us (or, at least, is disappearing) but it 
might be well to dwell on a possible method for such 
development with an eye towards using it for other in- 
vestigations, particularly of the professional man. It has 
been the general experience of experimental work in 
the area of motivation that much is not known, that 
experiments are limited in scope by their very nature 
particularly with respect to the emotional aspect. The 
reproduction of real life just isn’t realized, moreover, 
the necessary limited duration of an experiment (such 





as the job design experiments) raises a question as to 
what is really trying to be proved. Put the case that 
there is a definite result that can be repeated with re- 
spect to, for example, group set goals. But say that this 
produces higher productivity over a three-month span. 
What can be said for a one year span or a life-time 
span? How close can we come to uncovering basic 
characteristics of the human in the work situatiof# with- 
out considering life as a whole? 


Now this may seem to be so large a question as to be 
absurd. But there is one possible method of such in- 
vestigation particularly if it is limited to the industrial 
scene. The clinical observational approach is the one in 
mind. This entails, generally, observing the phenome- 
non in natural surroundings much as is done with the 
weather and in astronomy. It admits that laboratory 
examination is unsatisfactory and goes to wide scale 
observation with the construction of progressively im- 
proved predictive models of the phenomenon. Con- 
sidering the large number of Industrial Engineers in 
active observation throughout the industrial world, it 
seems like not an impossible idea to train a limited 
number of competent ones in observational techniques 
and pull together such observations. Social-psycholo- 
gists and scientists with like interests could then postu- 
late models based on such observations (after having 
designed observational requirements in the first place, 
of course) and feed back recommendations for changed 
patterns of observation. The observation itself would 
consist of such gross information as estimated socio- 
economic measures, actual productivity, wage levels, 
and the like. The matter can be expanded considerably 
but the above is the general idea. It all comes down 
to a group of sociological “weather” stations which, if 
wide-enough spread, can, with simple but reliable in- 
formation, offer a major break-through in macro-group 
understanding. 


D. OPERATIONS ANALYSIS 


A considerable amount of work is being done these 
days under the labels of “Operations Research” and 
“Management Science” that deals with techniques for 
solving operations problems. Only a dribble is getting 
to the Industrial Engineer. There is a tremendous need 
for development work and this is a particular responsi- 
bility of the Industrial Engineering profession. There 
should be a massive outpouring of manuals, work-books, 
interpretive and expository writing, and training courses 
all aimed at up-dating the practicing engineer. Since 
much of the Industrial Engineering activity is in Work 
Measurement, there is a major need to give it the labor 
content slant. Not only can these techniques vastly im- 
prove the: basic business of determining labor content 
and controlling it but they can be the vehicle for keep- 
ing the Industrial Engineer in business. This may sound 
like a cry of doom but it is a very grave reality. More- 
over, it may not sound like research but it takes good, 
hard development work to generalize on techniques and 
make sure they can be universally adapted to a class of 
problems. Other professions and sciences are turning 
their best talent to such tasks (physics, chemistry, 
mathematics) and we certainly can do no less. 
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E. ENGINEERING DESIGN 


The state of engineering design in Industrial Engi- 
neering is at a low ebb relative to other aspects of the 
profession. By this is meant the designing of an opera- 
tion, the designing of a process, and the designing of 
a plant. Certain integrative techniques have been very 
helpful in designing control systems and, more practi- 
cally, in just solving local one-shot problems. From a 
work measurement point of view, it can hardly be said 
that given the specifications of an operation (or the 
end requirements) there is a rational method of sifting 
through all the endless possibilities and producing the 
design that maximizes some objective. That this is a 
tall order is not questioned—that little is being done to 
work on the problem is also not questioned, although 
some may complain. 


The psychologists aren't particularly helpful in this 
since they generally don’t have mathematical concepts 
well in mind and are more concerned with discovering 
“basics” than developing a useful engineering method- 
ology based on model building. The traditional areas 
of Industrial Engineering offer check lists and nothing 
else—the real answer lies someplace between the search 
for “basics” and the offering of check-lists coupled with 
an almost institutionalized “questioning attitude’. 


What is needed for operations of a local nature is 
a set of reasonable data (and some of the micro-element 
systems consolidations start to get close to this) coupled 
with good methods of testing and modifying. The latter 
requires techniques of model building that particularly 
take needs of the system as a whole 
In other words, too often an operation is designed “to 
pieces” which puts it completely out of phase with the 
rest of the process in which it’s embedded. Some theor- 
etical work must also be done on the putting together 
of such data, on the manner whereby an engineer can 
sort out rationally many possibilities and move to a 
good combination. It isn’t enough to have reasonable 
data for various elements—there must be a way, besides 
cut and try (or simulation, more elegantly) to put the 
best, or thereabouts, combination together. 


into account the 


Iv. SUMMARY 


This has been long and rambling and undoubtedly 
unsatisfactory to many with particular interests in the 
research activities associated with work measurement. 
As noted at the outset, it does represent strictly per- 
sonal impressions and opinions. One impression, how- 
ever, that cannot be called unique to this writer is the 
need for increased Industrial Engineering activity in or 
about research areas. Quite a lot is going on that affects 
us and we seem to be progressively more unaware of 
this. We staked out quite an area in our early days and 
there’s considerable pressure on the part of others to 
move in. This is all to the good and there’s no sugges- 
tion of jurisdictional dispute here—we have a definite 
interpretive and implementing role to play. This can 
take the form of development work, of purification of 
techniques, of working with scientists in other disci- 





plines to aid in their investigative efforts, and of in- 
formational writing to management and the public. 


As noted before, this may not be research in the strict- 


est sense but, better than that, it can make sure that 


more and more research is done by those competent 
and it can make sure that Industrial Engineers are quite 


closely associated with such research. This is quite fun- 
damental for we have a larger role of implementation 
to play. And it can only be well played if these efforts 


of encouragement, interpretation, and development are 
fully pursued. 
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RESEARCH IN THE DESIGN OF CONTROL SYSTEMS 


by ALAN J. ROWE 


Manager, Business Management Control Systems Research, 
System Development Corporation 


I. INTRODUCTION 


S DECISION making continues to increase in com- 
plexity, involving tar-reaching consequences and po- 
tentially large risks, there is a need for more effective 
management control systems which have the capability 
of functioning in real time. Management cannot afford 
to operate on hunch, intuition or guesswork; what is 
needed is the information and decision criteria which 
aid managers to predict accurately the consequences of 
their decisions, to choose correctly among alternative 
solutions, and to provide rapid and accurate response 
to variable demands. 


There have been prognostications that providing top 
management with computer-processed information will 
radically alter the requirements on middle management. 
(1) However, it is more likely that computers will 
become necessary adjuncts to management, providing 
rapid and accurate evaluation and analysis of alterna- 
tives. The forerunner of such systems using computer 
simulation as the basis for rapid interrogation, can be 
seen in military systems such as the SAGE (2) air 
defense system. 


ll. PROBLEMS CONFRONTING MANAGERS 
OF BUSINESS SYSTEMS 


A review of some of the problems facing today’s 


managers reveals the magnitude of the task of conduct- 
ing effective research in this area. Although the follow- 
ing list does not begin to cover all possible aspects of 
business systems, it nonetheless includes some of to- 
day’s more pressing problems. 

1. Organizational Considerations 

. Determination of whether management should 
remain centralized or have further decentraliza- 
tion. 

. Provision for effective communication of infor- 
mation and policies, both upward and down- 
ward. 

. Determination of the appropriate number of 
authority levels in an organization. 

. Establishment of a suitable span of control for 
supervision. 

. Incorporation of the systems aspect in the or- 
ganizational structure. 

. Determination of how information should be re- 
ported and displayed for decision making. 

. Determining the effect of time lags in informa- 
tion flow on system performance. 

2. Designing Integrated-Automated Systems 

. Establishing system requirements and objectives. 

. Resolving conflicts and interdependencies among 
departments. 

. Providing appropriate flows of material, infor- 
mation, money and other resources. 
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. Providing an appropriate response of the system 
to demands. 

. Determining how the system relates to the en- 
vironment, competition, and markets. 

. Establishing a basis for analysis and evaluation 
of alternate system designs. 

. Developing a means for testing system designs 
prior to installation. 


3. Developing Effective Management Controls 

. Need for decision criteria to avoid sub-optimiza- 
tion. 

. Relating planning to operational control. 

. Establishing dynamic measures of system per- 
formance. 

. Provision for on-line control via feedback. 

. Allowable deviations from desired performance. 

. Speed of response for corrective action. 

. Use of decision rules for consistent response. 

. Determination of which controls can be auto- 
mated. 


STUDYING BUSINESS SYSTEM BEHAVIOR 


In providing the means for experimenting with a to- 
tal business system, a quantitative formulation of the 
various behavioral characteristics, component interde- 
pendencies, system flows, and stochastic functions is 
needed. The purpose of this formulation is to develop 
a computer simulation program which can trace the 
activities of a synthetic system as they change in time. 
In this way, a large number of variables can be ex- 
amined simultaneously, without explicit knowledge of 
their interdependencies. This use of a computer simula- 
tion program to generate system behavior is often re- 
ferred to as Monte Carlo sampling. 


It should be pointed out that the model of a business 
system described here is concerned with a “decision 
network” rather than an explicit characterization of the 
decision maker per se. The difference stems from study- 
ing the information flow and decision rules in the 
system, as contrasted with studying the behavior of the 
individual decision maker. To the extent that a model 
faithfully characterizes the behavior of a given business 
and that suitable decision criteria can be established, a 
computer model can generate information useful in the 
study of business problems such as previously indicated. 
Further, the computer is capable of providing sum- 
maries of the information generated during the simula- 
tion to permit evaluation of experimental designs or to 
permit one to gain useful insights on system behavior. 

1. Considerations in Modeling a Business System 

When modeling a “total” business system, it is 
possible to take a number of different approaches. 

Thus, the model could merely be a symbolic represen- 

tation of the functions and activities of the business, 





with little or no attempt to abstract or aggregate the 
characteristics. A completely mathematical model, on 
the other hand, might represent too high a degree of 
abstraction or simplification. It would seem that a 
combination of the symbolic or logical relationships 
and mathematical formalizations could provide flex- 
ibility, while, at the same time, allowing for succinct- 
ness and precision. In any event, the model must be 
amenable to computer programming so that all re- 
lationships must be explicit and quantifiable. 
2. Determination of System Objectives 

Although considerable energy has been expended 
in attempts to define the “raison d'etre” of a business, 
suffice it to say businesses do exist and unquestion- 
ably have purposeful objectives. It is through a bet- 
ter undertanding of the behavior and capabilities of 
the business system that these objectives can be de- 
termined with any degree of creditability. It does 
not seem sufficient to merely accept the pronounce- 
ments of desired objectives as the basis for system 
requirements and design. Hopefully, a satisfactory 
means for evaluating alternatives, such as computer 
simulation, could provide the basis for establishing 
realistic objectives. In any case, it can hardly be ar- 
gued that the managers of a business are custodians 
of the resources and as such are responible for the 
survival of that business. To the extent that these 
considerations can be formalized, it appears feasible 
to explore the effect of management decision making 
and control on the performance of the business sys- 
tem via the computer. 
3. Authority-Communications in a Business Model 

We might think of the relationship of manage- 
ment to the business resources as shown in Figure 1. 
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Pig. 1 Authority—Communication Levels 
In a Business System 


First, there are various authority levels within the 
management structure. The implications of the num- 
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ber of such levels on the speed and accuracy of in- 
formation transmission is an important aspect of any 
research in management controls. The characteristic 
behavior of decision makers in response to informa- 
tion would provide a basis for studies concerned with 
organizational aspects of information flow. The den- 
sity of communication linkages among decision mak- 
ers would provide data which could be used to es- 
tablish the critical decision points in a network. Fur- 
ther, the communication network linking the man- 
agers with the operations provides the means for 
establishing feedback control loops. In a sense, man- 
agement is linked with the resources of the business 
via information flowing through a communications 
network. Characteristics of the information flow 
among managers and between the managers and the 
operators would provide one of the basic measures 
of system behavior. Since information and decisions 
are normally transmitted serially from the top down, 
the coupling of management with the resources is 
inversely proportional to the authority level. Hope- 
fully, computers and proper staff organization can 
improve this situation. 
4. Considerations in Modeling the Decision-Making 
Function 

Looking at the typical activities of top manage- 
ment, one finds that half their time is spent with 
other managers or subordinates. Of the remaining 50. 
per cent, approximately half of the time is spent in 
planning. The remaining 25 per cent is spent in 
analysis and evaluation of information as the basis 
for decision making. It is this latter percentage of 
the manager's activity which may be susceptible to 
modeling for purposes of computer simulation. Since 
decision making can hardly be considered unequivo- 
cal, the model provides, at best, a crude representa- 
tion of the actual function. However, an analysis of 
the points in a system where decisions are made and 
the informational requirements for the decisions 
provides a first estimate of the desired communica- 
tion network. In a real business, much of the infor- 
mation is not pertinent to the direct operation of the 
business, and often informal communication chan- 
nels provide useful information. Nevertheless, a 
study of the precise informational requirements is 
bound to have an impact on the organizational struc- 
ture of a business. In a sense, the decision maker has 
surveillance over a given number of decision points, 
which, when linked to other decision points, defines 
the underlying operational structure of the business. 


Thus, an organization can be viewed as an informa- 
tion—and decision—processing medium. Management 
control, on the other hand, requires a consideration of 
all the factors affecting the operation of a business. 
From the integrated systems approach, control implies 
the specification, prediction, and assurance of desired 
performance. To have predictable system response im- 
plies adequate information feedback which provides 
the basis for corrective action. Looking at the informa- 
tion flow and decision making in current business sys- 
tems, we find the following: 


In Figure 2 it is seen that top management is pri- 
marily concerned with decisions affecting the business 
from a one-to five-year period in the future, whereas 
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Pige 2 Multilevel Decision Making 


operating management is concerned with the day-to- 
day decisions needed to keep the business running. 
From a control viewpoint, the top level of decision 
making is primarily involved in planning, while mid- 
dle management is concerned with meeting the plans, 
that is, management control. Controls at the operating 
level are primarily of an ongoing nature and could be 
classed as operating decision rules. 
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Fig. 3 Informational Aspect of Control 


Figure 3 shows that the amount of detail informa- 
tion available to managers reduces rapidly as the au- 
thority level increases. Thus, at the top management 
level, there are various summaries and reports describ- 
ing the operations of the business system rather than 
the operating details. It is conceivable that with suitable 
computing equipment, top management could hawe 
more direct access to operating data. However, this 
would undoubtedly require a shift of some middle man- 
agement to a staff position, as indicated in Figure 4. 
Organizational changes, as shown in Figure 4, would 
be one aspect of a model on decision making that an 
experimenter could examine. 
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Pig. 4 Application of the Computer to Management Control 


IV. MODELING THE ACTIVITIES AND FUNCTIONS 
OF A BUSINESS SYSTEM 


A schematic diagram representing the information 
flows among various functions and activities in a typi- 
cal manufacturing (resource transforming) business 
system is shown in Figure 5. At the heart of the system 
is the decision-communication network. This is nor- 
mally thought of as the management function. The de- 
cision network, as was shown in Figure 1, is linked to 
the resource transformation or operations subsystem 
through the various organizational levels of authority. 


To be amenable to computer programming, a model 
must characterize in symbolic or mathematical form, 
the various activities, flows, responses, and behavioral 
characteristics within the operations subsystem. Infor- 
mation on the performance of this subsystem can be 
presented in the form of displays for use in conjunction 
with the formalized decision rules. Specific data, re- 
ports, or summarizations which measure system per- 
formance can also be presented. The model should pro- 
vide for flexibility in the manner of summarizing in- 
formation, as well as frequency of reporting and com- 
munication links. 


Using the simulated information generated in the 
computer, decisions are carried out in a synthetic man- 
ner, which affect the activity of the system. This simu- 
lated information can be used to monitor the system 
activity through the use of alternative management con- 
trols. Other inputs to the decision network include the 
system constraints or policies, system functions, and 
environmental factors. These, too, would be represented 
by flows of information via the communication net- 
work. 

Inputs to the operations subsystem would include 
environmental factors, customer orders, capital re- 
sources, material, etc. In addition, transients or per- 
turbations in the operations subsystem would introduce 
variability which is not dependent upon the manage- 
ment controls. The outputs of the system enter distribu- 
tion systems, warehouses, or finished goods storage. 
Although there is considerable detail associated with 
the operations subsystem, the modeling need merely 
treat the information aspects as they interact with the 
decision network. 
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Fig. 5 Activities end Functions of a Business System 





To model the total business system, each of the boxes 
shown in Figure 5 would require considerable elabora- 


tion. 


1. The Decision Network 


Modeling a decision network is based on the 
ability to identify the points within the system where 
decisions are made. The kinds and number of de- 
cisions at each point, along with an explicit formu- 
lation of decision rules and information required for 
the decisions, is also needed. In a sense, the decision 
rules govern system behavior, thus providing an im- 
portant aspect of any experimentation. 


Since computer simulation is used to trace the 
change in the variables across ‘a time domain, the de- 
cision rules can be made functions of the state of 
the variable rather than using expected values. In 
this respect simulation differs from dynamic pro- 
gramming or gaming strategies which depend on 
statistical estimates as the basis for optimization. 
Forcing functions, which trigger the decision rules, 
must also be specified and are related to information 
flow in the system. 

2. Authority-Communication Network 


In order to experiment with organizational con- 
siderations, authority relationships must be explicitly 
specified. Thus, priority factors or probability of 
success in implementing decisions can be made de- 
pendent upon the organizational level In view of 
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the relation of information to the organization, the 
communication network defines key positions and, 
often, implied authority. An important considera- 
tion, then, is the possible distortion in information 
as it is transmitted through the various organizational 
levels. Distortion is produced by introducing synthe- 
tic noise or errors in the model. 

The means of establishing alternate communica- 
tion linkages or flexible flow is an important aspect 
of the modeling. Programming considerations are 
significant in that changing the information flow 
affects the basic structure of a model. A related 
problem is developing an effective means of char- 
acterizing the information content needed for de- 
cision criteria. The measurement of system behavior 
would include the density of information flow, queu- 
ing effects, and flow rates. 

3. Measurement of System Performance 


A major factor favoring the use of computer sim- 
ulation is the capability of providing measures direct- 
ly related to the system activities rather than indirect 
measures. The computer can continuously record 
the changes in system performance and thereby con- 
sider subsystem vs total system output, effect of ag- 
gregation on sensitivity of control, and the relation- 
ship between the system response and frequencies of 
reporting. In today’s control systems, the exception 
principle is widely used since filing and summariza- 
tion of information is difficult and expensive. How- 











ever, with mechanical aids, measurement can be 
made to match the requirements more closely. In 
addition, accuracy in the data and speed of reporting 
can be greatly improved. 

The computer can provide statistical analyses of 
the data, such as variance analysis, regression analy- 
sis, importance sampling, etc. Having this informa- 
tion, the experimenter is armed with the tools need- 
ed to evaluate and understand system behavior and 
response under alternative conditions. Undoubtedly, 
multiple or joint measures of system performance 
will be required rather than a single measure. Typi- 
cally these include: cost, time, quality, reliability, flow 
rates, stability, queuing, etc. An analysis of the var- 
iables and their effect on system performance should 
reveal the ones which are critical to decision making. 
Using a joint measure of system performance and 
system variables, we anticipate the curve shown in 
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Figure 6—Relationship of Number of Variables to 
System Performance 


Thus, knowing the critical system variables, it should 
be a simple task to design efficient methods of in- 
formation flow and performance measurement for 
decision making and management control. 

4. Management Controls 


Management controls should be related to the total 
system design. Thus, a simulation model can be used 
to provide the insights and understanding of system 
behavior needed to obtain multi-functional or total 
control. The question of total system control has of- 
ten been raised when considering centralized vs de- 
centralized organization. Probably the most impor- 
tant aspect of control is the consideration of system 
objectives and constraints. It is in this area that for- 
malized decision rules and decision criteria can pro- 
vide a suitable control mechanism. 


Since control is frequently related to feedback loops 
and correction factors, a number of considerations 
should be taken into account: 

Where should the control points be located in 
the system? 

. What kind of information is required? 

. What are the tolerable limits of deviation? 

How are decision rules used for corrective 
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action? 

Can similar controls apply to steady state and 
transient conditions? 

Can sampling techniques be applied to pro- 
vide critical damping? 

What are tolerable time lags in system re- 
sponse? 

Is on-line control preferable to a posteriori 
control? 

Can data enrichment substitute for the excep- 
tion principle? 


These and other considerations are amenable to study 
by a suitable computer model of a business system. 


5. System Objectives and Requirements 


In studying the objectives and design requirements 
of a system, it is undoubtedly best to start with the 
system constraints. The capital structure, resources, 
industry position, type of ownership, product and 
market stability all effect the system design. In a 
sense, the organizational structure, along with policy 
considerations, provides managerial adaptation to the 
system. 

A number of considerations which bear on this 
problem include: 

management authority and information struc- 
ture 

basis for changes in planning 

relationship of system performance to resources 
specification of interdependencies among com- 
Sonents 

. basis for testing system design 
Undoubtedly, with the advent of computers, using 
planned information and decision rules, the organiza- 
tional structure of the system will be most susceptible 
to change. 


V. MODELING THE PHYSICAL PROCESSES 
IN THE BUSINESS 


To this point, the discussion has been primarily con- 
cerned with the more intangible aspects of the business 
system. Although this part of the problem is unquest- 
ionably the most difficult to model, it probably repre- 
sents the major potential in the design of management 
control systems. In addition, there have been numerous 
reports concerned with simulation of physical problems. 
(3) However, a brief description of some of the con- 
siderations in modeling the tangible aspects of the 
business system appear in order. 

1. System Functions and Components 

The study of a total system requires an explicit 
description of the time dependencies among the com- 
ponents. After policies and objectives are established, 
the allocation of resources to assure joint optimiza- 
tion can be determined. The primary concern is the 
conversion of resources into goods and services. By 
determining appropriate strategies in relation to risks, 
it is possible to control rates of change of production, 
work force stabilization, growth rate, cost-pricing, re- 
sponse to demand, and the relation of income to 
investment. 


Since system optimization involves many variables, 
it is necessary to consider the combinatorial effects. 
Simulation is a means for examining a large number 
of variables simultaneously. However, the solution is 





not unique, but provides an estimate of the distribu- 
tion of expected system performance. Thus, although 
all the combinations could not possibly be enum- 
erated, sampling results tend to form relatively stable 
and determinable distributions. 

A related problem is transient or perturbation ef- 
fects in the system. Machine breakdown, shortages, 
rejects, absenteeism, etc., can also be characterized 
in the model. By providing appropriate distributions, 
and using random-number generators for Monte Car- 
lo sampling, the stochastic properties of the system 
can be readily studied. 

2. Internal System Flows and Characteristics 


Flows within the system can be separated into in- 
formation flow (paperwork, reports, etc.), material 
flow, resource flow, and manpower flow. Each has 
its own characteristics and is therefore modeled dif- 
ferently. 

Starting with information flow, the channels or 
network determines the destination of the informa- 
tion, and the transmission media determine the speed 
and message type. Information content is a function 
of the data, format, and timeliness. One experimental 
variable in simulation could be the testing of the ef- 
fect of report format on decision making. Transform- 
ation, distortion, and errors should be included, as 
well as the queuing effects at the decision points in 
the system. 

Material flow has received the most attention in 
simulation and operations research studies. Thus, a 
considerable body of literature exists which could 
provide the basis for modeling. Reorder rules, safety 
stocks, value analysis, collation studies, scheduling 
rules, and stocking policies have been well docu- 
mented. There are a number of additional considera- 
tions which might also be of interest, such as surge 
effects, queuing effects, interdependence of compora- 
ent parts, transformation processes, work-in-process 
flow rates, and resource utilization. 

Resource and manpower flow are more difficult 
to solve since factors external to a simulation model 
may have the major influence. Nonetheless, there 
are aspects of these factors which can be profitably 
studied. For example, what are the cash flow require- 
ments in a marginally capitalized business? What is 
the relation between demand variation and capacity? 
How does capacity and capital requirements change 
with different products, number of shifts, skill and 
mobility of manpower? These and similar questions 
are readily susceptible to study via computer simula- 
tion. 


The internal system, in addition to the basic flows, 
has a number of other characteristics. In particular, 
it is mecessary to structure certain behavioral patterns 
such as: 

demand and shipping patterns 

value distribution among products 
learning-curve effects 

variability in man-machine performance 

. various lead-time distributions 
In addition, there are a number of other system func- 
tions which should be contained in a business model 
such as: 





customer related—sales, engineering, estimating 
vendor related—procurement, inventory 
system related—quality, budgets, inventory, cost 
resource transformation—manufacturing, tool- 
ing, equipment, manpower 
information flow—data processing, accounting, 
retrieval 
Rather than attempt an exhaustive description of the 
physical characteristics of the internal system, the 
considerations discussed are intended to provide some 
measure of the complexity and difficulty in modeling 
the business system. 
3. External Factors 


There are a number of environmental considera- 
tions, as well as system inputs and outputs, which 
should also be taken into account in the modeling. 
The number and type of competitors, customer de- 
mands, vendor characteristics and legal or civic fac- 
tors all should be specified in developing a computer 
model of a business. Furthermore, forecasting of de- 
mand, gaming strategies, competitive pricing, and ad- 
vertising policies are, in effect, the control of system 
response to variable demand. Thus, for example, 
maintaining standby capacity in anticipation of or- 
ders, having a complete product line, or carrying 
large safety stock in inventory, are all means of re- 
sponse which are really control of the system. 

From a total system viewpoint, the availability of 
cash affects the above considerations; that is, carry- 
ing large inventories may determine the plant capa- 
city required or the advertising budget. In this sense, 
the cash flow permeates all aspects of system be- 
havior and thus affects control. Similar considera- 
tions enter into the make or buy question, material 
and tooling purchases, employment stabilization, etc. 
It is an explicit treatment of the many interdepen- 
dencies which hopefully can provide the basis for 
total system control. 


Vi. CONCLUSION 

The modeling of a total business system which in- 
corporates the many considerations discussed, would un- 
doubtedly involve numerous details. Thus, where pos- 
sible, transfer functions or aggregations should be used 
rather than the precise flows or system characteristics. 
Not only does aggregation provide considerable savings 
in modelifig, but, often more significantly, it helps re- 
duce the size and complexity of a computer program. 
The modeling is, after all, designed to answer given 
questions or explore new areas and, therefore, should 
be governed by these considerations. Although the re- 
search results are dependent upon the adequacy of the 
model, it should be kept in mind that a model is still 
only a vehicle—a means toward an end, not an end in 
itself. 


It cannot be overemphasized that these simulation 
techniques and data-processing equipment are tools— 
created, used, and controlled by man. This has been 
very forcefully stated by E. B. Arbuckle (4), Dean, 
Graduate School of Business, Stanford University: 

“Machines will never replace man as tomorrow's 

managers. In fact he will have to be a broader, more 

competent and more unusual man than ever before. 

He will need: A deeper appreciation of the effect 





and application of technology and mathematics. A in the 1980's,” Harvard Business Review, Nov.- 


broader understanding of the social and political Dec., 1958. 
environment in which business operates. A flexible (2) MALCOLM, D. G., “Real-Time Management 
analytic mind receptive to change and adaptation and Control in a Large-Scale Man-Machine System,” 
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What The Operating Departments 
Expect From Industrial Engineering 


MODERATOR 
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An ancient Greek philosopher became famous by coining the phrase 
“Hard it is to be good”. The phrase still has meaning in our modern 
industrial society, particularly in reference to the role of the industrial 
engineer. In industry the industrial engineer must approach his job 
as a professional. He must not be a yes man to top management, nor the 
complaint department for operating supervisors. Meeting the needs of 
management and thé operating departments is a continuous challenge. 
To keep his program in balance a Chief Industrial Engineer should con- 
tinuously try to determine what the operating departments expect from 
his engineers. 








MR. ROY COLEMAN 


MODERATOR 


Mr. Coleman is a graduate of Texas A & M in the 
field of Industrial Engineering. He has been associ- 
ated with several national concerns and served in 
executive capacities in Engineering, Operating and 
Finance. Today he is the President of Worth 
Chemical Products Co. 


MR. JULIAN T. McKINNON 


PANELIST 


Mr. Julian T. McKinnon received his B S degree in 
chemical engineering from the University of Al- 
abama. Ever since his graduation he has been 
associated with Proctor & Gamble Company. He *‘ 
has served in several capacities with this company 
and is currently Plant Manager of their Dallas 
plant. 


MR. CONRAD KUNZE 


PANELIST 


Mr. Conrad Kunze attended Stamford University. 
He began his career in the Lumber and Mining 
business. In 1941 he became associated with the 
Northrup Aviation Company and since that time 
has held various executive positions with that 
company and later with Convair. Today he is 
Assistant Division Manager of Operations in 
Convair's San Diego Division. 
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MR. CHARLES O. HOLLINGSHEAD 


PANELIST 


Mr. Charles O. Hollingshead did undergraduate 
work at Oklahoma State University and his grad- 
uate study at the University of Pittsburgh and 
University of Colorado. He began his career in 
the electrical manufacturing field, and became 
Supervisor of Industrial Engineering at the Shaw- 
nee plant of Sylvania Electric Products Company, 
Inc. In 1958 he became associated with the Martin 
Company and today is the Assistant Manager of 
their Engineering Support Department. 


MR. RALPH W. UPDEGRAFF 


PANELIST 


Mr. Ralph W. Updegraff is General Factory 
Manager at the Akron plant of the Timken 
Company. He is a graduate of Ohio Wesleyan and 
has had experience with several companies in the 
field of Industrial Engineering. He has been with 
Timken since 1948 and was their Chief Industrial 
Engineer prior to his present assignment. 
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G. X. REED 

GEORGE B. TIMS, JR. 


No industrial engineering program is complete unless it provides a 
means of measuring its own effectiveness. The performance of an 
industrial engineering department is the direct responsibility of the 


Chief Engineer. There seems to be no question as to whether or not 
this performance should be measured, but there is a question as to how 
often the measurement should be made. Who should set the criterion 
for performance, the Chief Industrial Engineer or Top Management? 
Developing information for measuring industrial engineering perform- 
ance has in the past been a major problem. There is no doubt but this 
is a field requiring additional research. 
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MR. GEORGE D. BOESCH 


MODERATOR 


Mr. George D. Boesch received his B S degree 
in industrial engineering from Texas A & M. He 
started his career in the field of motion and 
timestudy at Montgomery Ward and Company. 
He has been associated with the Convair Division 
of General Dynamics since 1951. He has had 
various industrial engineering experiences with 
that company and today is Supervisor of Assembly 
Methods. 


MR. JOHN B. LATHROP 


PANELIST 


Mr. John B. Lathrop received his degree in Math- 
ematics from George Washington University. He 
has had varied technical and business experience. 
He has served in he actuarial field and during the 
war was active in government Operations Re- 
search Group. Since 1955 he has been with the 
Operations Research Division of Lockheed Bur- 
bank plant. 


MR. G. X. REED 


PANELIST 





Mr. G. X. Reed is a graduate of Purdue Uni- 
versity with a degree in Mechanical Engineering. 
He has been with Proctor and Gamble since his 
graduation in 1949. He has held various engineer- 
ing assignments with that company and today is 
head of Industrial Engineering at the Dallas plant. 


PROFESSOR GEORGE TIMS 


PANELIST 


Professor George Tims is head of the Department 
of Industrial Engineering at the Lamar State 
College of Technology. He did undergraduate and 
graduate work in the field of Industrial Engineer- 
ing at Oklahoma State University. He has been 
active in that field of engineering both in in- 
dustry and education. 
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Dr. Smith is nationally known as a Lecturer in-the field of Economies. 
He has had a distinguished career in the academic field, where among 
other positions he was head of the Economic Department of Southern 
Methodist University. In addition he has been a business and research 
consultant for various national firms and arbitrator in labor-manage- 
mene disputes. Dr Smith received his B.S. degree from Missouri State 
College, his Master’s degree from Peabody College and his Ph.D. from 
Vanderbilt University. 
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Mr. John D. Coleman is one of the nation’s best known Engineers. He 
has held important offices and positions of honor in an impressive 
number of professional and civic organizations. He has served both 
as President of the American Institute of Industrial Engineers and the 
National Society of Professional Engineers. 


He is a graduate of West Virginia University with a B.S. degree in 
Chemical Engineering, and a member of Phi Lambda Upsilon. 


Mr. Coleman has had many important engineering positions with 
nationally known companies. At the present time his is Supervisor of 
Field Tests in the Production Engineering Division of Frigidaire. 
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ENGINEERING ASTIGMATISM 


by JOHN D. COLEMAN 


Field Test, Frigidaire Division, General Motors Corporation 


ILBERT Chesterton tells the whimsical story of the 
architect who was annoyed at the sight of an ugly 
house which he passed every day on his way to the 
office. To escape the irritating sight, he bought the 
house and moved into it. By living in it he could thus 
avoid looking at it. 


Let's step outside of our “house of engineering” and 
honestly appraise our edifice and ourselves remember- 
ing that while we no doubt share most of our short- 
comings in vision with our brothers in other walks of 
life we are members of an honored profession with re- 
sponsibilities of a higher order. 


When we examine ourselves and our brothers in the 
profession we all too frequently observe a characteristic 
that might be called “astigmatic perspective”. This is 
usually manifested by an inability to see himself, his 
work, his community, or his profession in clear per- 
spective. 


For convenience we can break down this visual de- 
fect into two logical areas in order to facilitate further 
examination, namely ‘technical and professional astig- 
matism’. Like most things in life there are both good 
and bad features of these characteristics which we 
should examine impartially. 


Technical Astigmatism 


1. Preoccupation with technical data, instrumenta- 
tion, etc., without clear concept or regard for end pro- 
duct. 

2. Tendency to use technical language or, worse yet, 
‘gobble-de-gook’ which is unintelligable to laymen to 
whom we would like to sell our ideas or make a good 
impresston. 

3. Lack of perception of the bearing our work has 
on the rest of the project. 

4. Inability to relate the work of the engineering 
group to other essential operations in the enterprise. 

5. Poor or non-existent public relations with other 
parts oO! the operation 

6. No clear appreciation or thought for the social 
significance of work we perform. 

Permits unfailing concentration on individual pro- 
ject or problem. 
Professional Astigmatism 
1. Carelessness in personal appearance. 


2. Sloppy grammar in speech and written reports. 


3. Absence of or little feeling of professional re- 
sponsibility. 

4. Little knowledge of or interest in the problems 
of the engineering profession. 

5. No interest in broadening either education or in- 
terests outside of the technical field. 

6. Viewpoint on problems common to the profession 
influenced unduly by technical organization affiliation. 

7. Interest in profession, if any, diminishes or vanish- 
€s upon assuming supervisory or managerial duties. 

8. Disinterest in and-or unwillingness to contribute 
time and talent to community enterprises where his 
training and experience qualifies him. 

9. Does not see value or need for a professional 
engineering organization to represent the viewpoint of 
engineers in all branches and specialties. 


Perhaps you have known someone who displays some 
of these failings and | am sure most of us could match 
some of these characteristics. 


We might well say, “So what?” That's just typical of 
engineers and why should we worry?” Candidly, it 
won't mean anything if we are not interested in our 
professional status but we cannot long ignore this 
‘astigmatic perspective’ for it can mean loss by default 
of any claim we now have as members of a profession. 
As a recent commentator stated, “We can't repair the 
past—but we don’t have to repeat it.” 


Our profession today is on the highest plane in its 
history and the contributions of the engineer are better 
known and appreciated than ever before. We should 
remember however that this can change as the German 
proverb stated, “Whatever is in the sun either ripens 
or withers.” 


The Industrial Engineer should be in the best posi- 
tion to develop a professional perspective for his educa- 
tion is supposed to train him to look at the whole pro- 
ject, undertaking or organization. Should he not be in 
the forefront then showing the way to his brother en- 
gineers with less astigmatism and with a clear cut pic- 
ture of his place in his organization and society and 
the contributions he can and should make as a_pro- 
fessional. 

Burton Hillis of Better Homes ‘and Gardens stated 
the proper attitude for the professional man when he 
said, “The more you give and do, the more you have 
and are. 
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by JAMES Q. duPONT 


Administrative Assistant 


E. |. duPONT deNEMOURS CO., INC. 


Mr. duPont was born in 1902, the eldest of six children of the late Evan 
Morgan and Helen Quinn duPont. He is a great-great-grandson of E.I. 
duPont deNemours, founder of the Du Pont Company. 


In 1926 he graduated from M.I.T. with a degree in Electrical Engineer- 
ing. Mr. duPont held various positions in engineering and management 
with various companies before joining the du Pont Company. He has 
been active with the du Pont Company in its various atomic energy 
projects and was responsible for their work at Oak Ridge and Hanford 
Engineer Works in the State of Washington. In 1948 he was selected 
by Edward R. Murrow to participate in the radio feature “This I 
Believe”. Since that time he has been active in the public relations field 
for the du Pont Company. 
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PATTERN FOR SUCCESS 


by JAMES Q. Du PONT 


Administrative Assistant, Public Relations Department, 
E. I. du Pont de Nemours & Company 


ELIEVE me, it’s a privilege and an honor to have 
this opportunity to talk to your Eleventh Annual Na- 
tional A. I. I. E. Conference today and to have this 
chance to try and box this business compass which has 
guided du Pont from a little one-man show in 1802 
to our present size and nature today. 


Now about this chart of mine, this “compass,” I 
would like to give any possible future readers of your 
proceedings a mental guide or picture. Consider a chart 
which looks somewhat like a clock, excepting that in- 
stead of having the usual twelve numerals it has eight 
circles around the circumference, a hub at the center, 
and a keystone-shaped block at top-center where 12 
o'clock would normally be found. So visualize, if you 
will, this business compass with true North at 12 
o'clock and a hub in the middle. I’m going to “box” 
this compass, but before I start to do so, I should say 
three things about the compass for your better under- 
standing and use thereof. 


First, it is simple! You know, simple like the Ten 
Commandments! Easy to memorize, easy to rattle off, 
or recite. But if you are a sinner, like 1 am sometimes, 
oh, how hard to hold all Ten Commandments “on the 
hook” all the time! And it seems to me that the en- 
gineer’s great problem, and the businessman's great 
problem, and almost anybody's problem in using this 
pattern for success is not so much this point or that 
point or any other, but the eternal balance of these ten 
principles. So don’t be fooled by its simplicity. 


Suggestion two about this little compass is this. It 
may be regarded from three points of view. First, as a 
guide to top management, if such you are or aspire to 
be. Second, it may be used as a yardstick to compare 
your company or your employer with our du Pont 
“standard” if you do not have a better standard and, 
of course, I know that well you may. But if you don’t, 
then here is your chance. Then, third, some of you may 
use this, if you care to, as a guide to individual success. 
How can this pattern for success help you in an in- 
dividual way, Jack Jones, or Bill Smith, better to suc- 
ceed? So don’t forget now, take your own point of 
view. The choice is yours. 


Finally, here is my last comment about this compass, 
this du Pont pattern for success, which I am going to 
describe. Chairmen across the nation are all alike, and 
your own was no exception today. He announced this 
as “Pattern for Success.” Well, this is not the whole 
title. It should be called “Pattern for Success in a Mere 
Material Way.” Much as I almost love the Du Pont 
Company, I realize it is just spit in the ocean or a grain 
of sand on the beach compared with the more eternal 
and spiritual values in your life and in mine. I just 
wanted to straighten out this point. Don’t think that 
we are parading this as “Pattern for Success”—period. 
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It is not nearly as important as that. But I do hope it 
may help you somehow. 


Now let us box this compass, and I’m going to start 
at what would be 1 o'clock on the chart. I have there 
the initials F. A. N. These stand for Fill A Need. In 
other words, make a product or sell a service for which 
you are convinced there is a need. Sounds simple, 
doesn’t it? But don’t get caught like the young inventor 
in Detroit shortly after the turn of this century. He 
decided to risk his life’s savings and his family's money 
on a brave little enterprise to fill a need. It was called 
something like the Detroit Improved Buggy-Whip 
Holder Company, and there was a great need in Amer- 
ica then for improved buggy-whip holders. But this 
young man failed miserably. He did not take into ac- 
count that Mr. Selden, Mr. Maxwell, Mr. Winton, Mr. 
Henry Ford, and others were playing around with you 
know what. The big need disappeared almost overnight 
for buggy-whip holders and a lot of other associated 
items. You should never be fooled that way. You've 
got to make sure that the need will continue or get out 
while the getting is good! 


Now certainly there is a crying need for engineers 
in the world today. Although electronics and space-age 
mechanical engineers now seem to have an edge on 
most of the other classes of our profession, I have it on 
pretty seasoned authority that “operations research” 
and associated endeavors do cry out for topnotch in- 
dustrial engineers. The radio, the press, the technical 
papers are full of articles about the need for young 
college and primary students to get into technical fields. 
But over and beyond their technical abilities, it seems 
to me, there is something else engineers have that is 
desperately needed in the world today, and that is hon- 
esty—honesty. Now I don’t mean to imply for a mom- 
ent that the engineering profession has a monopoly on 
honesty, of course not! But I’m sure that one of the al- 
most inescapable results of good engineering training 
is a sort of clear-eyed, rock-solid, built-in honesty. 
Young engineers quickly learn that it is impossible to 
stretch a slide rule to make the answer come out like 
someone wants it. And they learn that they cannot de- 
sign a bridge with a safety factor, for instance, that’s 
less than par just because some political or other pres- 
sure wishes to cut down on costs. Not at all. They 
can’t do that without having to face the awful price of 
a bridge collapse or failure. So most engineers do have 
that calm and sure honesty which, I think, is so extra 
important in our world situation today. 


At point two on our diagram, we have the initials 
J. K-H. These stand for the Job Know-How to fill the 
needs in question. You certainly realize that you must 
have job know-how to do well whatever work you are 
now doing. Incidentally, it appears to me that these 
very well organized and complete annual A. I. I. E. 





conferences are one ideal source of good new job- 
knowledge. In the Du Pont Company we have the job 
know-how to produce many chemical products which 
help in your living today. Starting way back in 1802, 
my great-great-grandfather, the founder of our com- 
pany, was lucky enough to have some very fine chem- 
ical job know-how which he picked up under the cele- 
brated Lavoisier. 


Oh, yes, and while we are on this point, don’t neglect 
the old people in your organization wherever you are. 
Don’t neglect the older heads around you. Now I know 
that some of you younger engineers may say, “Now 
wait a minute, du Pont, wait a minute! Much that’s 
stored in my old supervisor's head is obsolete and out- 
of-date and inaccurate.” Well, I know that too. But on 
the other hand, much that is buried in the older heads 
around you is just as fine, just as virile and worthwhile 
as it was the instant it was conceived in what I like 
to call “that fabulous hunk of gray tissue” which The 
Great Designer has placed within our skulls. And so I 
say to the younger people, “Go to the older engineers 
in your organization and pump their brains for all 
they're worth. See if you can’t find some of the infor- 
mation that is hidden there—priceless job know-how.” 

“Read the best books on your subject for more know- 
how, no matter what sort of engineering is your love. 
Incidentally, the best books are usually, although not 
always, the hardest. Go back to first principles about 
your job. Get down to basic facts every possible time.” 
So much for point two—Job Know-How. 


Now next on our chart we have the initials M. C. 
These stand for Meet Competition. Meet and beat com- 
petition if you can. Go out with your own job know- 
how, and armed with as much information about your 
competitor's team as you can find, meet him fairly and 
squarely on the “football field” of business. Try to make 
the score as big as possible in your favor. Meet compe- 
tition! Outsell and outservice the other fellow, the other 
company, the other organization. 


At point four we have the initials M. I. B.-M. L. S. 
I could have put just an “I” for this point four. “I” 
would stand for Improve, Improve endlessly. But my 
chart says M. I. B.-M. I. S., and this stands for Make It 
Better, Make It Safer!—another way of saying “Im- 
prove.” 


I like the expression, “Make It Better, Make It Safer, 
Make It Safer, Make It Better.” It sometimes reminds 
me of two squirrels in a cage. A Mama and a Papa 
squirrel chasing each other around the wheel, working 
and playing and producing happily together. It’s al- 
most impossible to make a product better without mak- 
ing it safer, or vice versa. So we say, “Make It Better, 
Make It Safer!” Never be satisfied with your own best 
work. Certainly this “passion for improvement” is one 
of the most important objectives of industrial engineer- 
ing as I know it. And the principle applies to industrial 
engineers just as much as they try to apply it to their 
engineering. To compete effectively today you need to 
be more than an industrial engineer—you must be a 
topnotch one as you may remember me saying under 
point one of this “Pattern for Success.” 

Point five comes next. About 7 o'clock on the dia- 
gram, I have T. and E. These stand for Thrift and 
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Economy in du Pont’s pattern for success. Don’t waste 
anything. Even if doing these things like filling needs 
with the job know-how and the competitive spirit and 
research that I've just talked about, you find yourself 
very successful as a company or an individual, don’t 
get a swelled ‘head. Don’t gild the lily! Don’t, as the 
girls sometimes say, “Don’t chi-chi up the works.” Don’t 
chromeplate the brass fire extinguishers (unless it's 
chemically indicated). Save something, save everything! 
No, I mean, don’t waste anything. This is an old, old 
policy of ours that came about, I think, chiefly due to 
Du Pont’s awful early struggle with debt. In our early 
days, Du Pont had a crying need for working capital, 
just as almost any small business starting to grow usu- 
ally needs working capital desperately. This point of 
ours fits like a glove another one of your profession’s 
objectives, i. e., prevent or eliminate waste. About the 
only thing I might add to some of you younger indus- 
trial engineers is that the crying need for working cap- 
ital sometimes makes the powers-that-be “sort of deaf” 
to your pleas for an investment to eliminate waste. 
You'll have to figure out special, very diplomatic ways 
to make him even hear you. 


And now we are up to point six. This is a tough 
one! On the surface, it is a dry one. Do you see what 
it says on the chart here? It says A. C. W. N.—this 
stands for Additional Capital When Needed. Putting 
this another way, so act, so behave, yes, so be, that you 
can borrow additional money when you need it. Some 
examples: your family has triplets coming up, or your 
house has burned down, or your place of business has 
been ruined by fire or flood and you need to borrow 
more money. We feel that it is most important to have 
so been in the past that you can borrow more money 
anytime you need it. Bankers assure me that I am dead 
right on this one. 


Now I know that bankers realize that sales forecasts 
are important. Engineering surveys, market research, 
all of these things are important, of course. But in a 
large business or in a small one, it is not primarily what 
your forecasts say you are going to be, or what your 
own hopes practically insist that you are going to be, 
which impress the bankers. No, no! The question that 
the banker is silently asking himself as you beat on his 
door for more money is this, “How has this man, or 
woman, this family, this company, behaved? How has 
it acted?” Yes, like an old backwoods preacher once so 
beautifully put it to me, “How has you so been?” You 
know, in that awful past perfect tense of the verb “to 
be” when there is nothing you can do about it now! 
It's a matter of reputation. You can lose it overnight, by 
the way, but you can’t gain it so quickly. 


So this is what we mean by Du Pont’s point six, 
A. C. W. N., in our “Pattern for Success.” I wish I 
Kad more time, but I simply do not, to tell you a hair- 
raising story about 1818 when our Du Pont plant, the 
old powder plant, blew up almost completely. Some- 
time again maybe I shall be invited back here or may- 
be you will see our Du Pont motion picture, “The Du 
Pont Story,” and you'll see what happened in 1818 
and why this rule, this point six, “So behave that you 
can borrow more money,” saved the Du Pont Company 





at that time, as it has at several other critical periods 
in our past. 


Point seven is easy. We'll make time on this. Its 
symbols on my chart are E. P. B.-H. These stand for 
Earnings Plowed Back, Heavily. In other words, this 
says, “Save something for a rainy day.” If your family 
or your company has had an extra good year, don’t go 
overboard and buy your wife a fur coat, a new bed- 
room suite, and a color television. Get her, say, two 
out of three of these items but don’t give her all 
three! Save something for improving the roof in case 
it develops a leak, or the foundations if they start to 
sag. 


If you have a company and you maké@ a wonderful 
profit in a year, a lot of profit, don’t dish it all out as 
a too-big dividend, or as a too-big remuneration to the 
employees, or as a too-big price cut to that most im- 
portant fellow of all, the customer! No, treat all of 
these factors generously but hold something back for a 
rainy day, for the good of the business, for the good of 
the employees, for the good of the stockholders, and 
for the good of the customer. In other words, retain a 
nest egg of earnings if you can. 


Now we are around to point eight, D. and D., of our 
“Pattern for Success.” It would be at about 11 o'clock 
if you could see my diagram. Point eight is the only 
one, by the way, of Du Pont’s ten principles for busi- 
ness success which was not practiced by the founder, 
E. I. du Pont, right from the beginning. This point was 
adopted early in this the Twentieth Century. It started 
about 1909 or 1910, budded some in the teens, and 
then really blossomed in the 20's. The principle is 
Diversification. In other words, make many products, 
not just one. Put your eggs in more than one basket, 
especially if your supply of eggs grows large. 


Now I know that many of you listening to this talk 
are going to say, “Now wait a minute, du Pont! One 
can be a great success in just one line, such as a doctor, 
a lawyer, a musician, or an engineer, specializing in just 
one thing.” Sure you can. And you can make just one 
product—pencils, for instance, or chairs, or tables, and 
be a howling success. Of course you can, but we simply 
say that, in general, if you get big (Du Pont is big and 
I am proud of it), it pays, usually, to diversify and to 
make many products, not just a few. 


This diversifying is true about a family, too, or an 
individual. Take myself, I sometimes wake up in a cold 
sweat at 3 or 4 in the morning and think, “Good Lord! 
What if I get chronic laryngitis or maybe even some 
throat trouble more serious from these wonderful and 
awful cigarettes? What would I do?” I now make my 
living almost entirely from speaking, whether you be- 
lieve it or not. What could I do? Well, I am diversified 
a bit. I have a couple of ideas up my right sleeve. For 
instance, I might help others write speeches. I could 
help others prepare their talks in several ways—perhaps 
coach them with delivery, etc. And then I have a couple 
of other ideas up my left sleeve that I haven't even 
told my wife about and which I could use, I believe, if 
I lost my voice. And so, you see, I am ready to diversify 
as an individual. You might consider being ready to 
do this also. 


However, don’t make the sad mistake of getting so 
worried about losing your present job or losing your 
present business that you spill the beans. Don’t do 
that! But, in general, it pays for most of us to be able 
to diversify. In the Du Pont Company today we make 
1200 different products and product lines. Think of 
that! Twelve Hundred instead of just one like old E. I. 
du Pont made im 1802. How amazed and proud he 
would be! 


Suppose some competitor of ours, under a very ag- 
gressive research policy of his own (such as I have 
talked about in point four of this pattern) comes out 
with, say, some textile fiber that makes one of our tex- 
tile fibers obsolete (God forbid, but it could happen). 
If he does, the Du Pont Company will be pretty sad, 
but it won't turn over on its back and die! it will go 
right on making and selling those 1199 other products, 
plus some new ones just around the corner. 


Now this brings us to the second half of point eight 
and that is Departmentalization. This suggests that 
when you do make and-or sell many, many things (and 
get pretty big) you have to rearrange your organization 
of employees. You have to say to Joe and Bill, “Now, 
this textile fiber department is your baby.” And to 
other capable fellows in chemicals, paints, etc., “This is 
your baby. Run it as you see fit. You have a white tick- 
et to run this show, with only a few strings attached.” 


In 1921 the Du Pont Company almost died, believe 
it or not, and not of old age like we almost did in 1902. 
(Ask me back again sometime and I'll tell you that 
story.) In 1921 the Du Pont Company, very, very 
successful, almost died of “corporate neurosis” because 
we hadn't departmentalized. Irenee du Pont “saved the 
day” that year and broke us down into the depart- 
mentalized organization we now are. As some of you 
may know, we now consist of twelve manufacturing or 
industrial departments as we call them, and thirteen 
auxiliary or staff departments. 


Let us look now at the hub on my chart and we are 
almost finished with this story. At the center of my 
diagram, we have the initials T3. P. R. I'll say that 
again. T cubed P. R. In other words, T. T. T. P. R. 
This stands for Try To Treat People Right, and don’t 
underrate that little 3-letter word T-R-Y! 


I used to write R. T. P. for Right Treatment of 
People. Then it dawned on me that it was presump- 
tuous, even wrong, to say, or imply that the Du Pont 
Company always treats people right. Our company 
doesn't always treat its people fight, believe me. It 
makes mistakes like any other human organization. But 
I think the important thing here is that the Du Pont 
Company, from Walter S. Carpenter, Jr., chairman of 
our board, and Crawford Greenewalt, president, right 
down to the first-line supervisor in our newest plant, 
tries hard and everlastingly to treat its people right. 

While I don’t want here to imply that Du Pont has 
a patent-right on this T3. P. R. formula, I can assure 
you it is, and always has been, our cardinal principle. 
And it is this knowing that your boss, in general, is 
trying to treat you right that makes you almost, like I 
= at the outset, love the Du Pont Company—at least 
I do. 





And now to point ten, the last, the keystone on the 
diagram. Its symbols are O. M. and P. A. T. B., Owner 
Management and Personal Attention To Business. I 
suspect there is no substitute for this double-barrelled 
principle. We know that managers who are also owners 
have that wonderful proprietary interest so difficult to 
be had in almost any other way. We think there's 
nothing to be ashamed of about this and we think it’s 
right and good. We nurture this principle with our 
bonus system which usually works to give the higher 
managers a considerable stock interest in the business 
as their years roll on. 


Finally, P. A. T. B., Personal Attention To Business 
the last half of this last point, and then I'm done. It 
means, among many other things, that you will take 





many calculated risks you would never take if you were 
not personally on the scene and “in the game.” 


We think it has been the taking of big calculated 
risks that has made the United States what it is today 
and made the Du Pont Company likewise, and I think 
if your profession of industrial engineering is to con- 
tinue its important place in the scheme of life today, 
and to reach up and attain those new standards of pro- 
ficiency and usefulness which are so obviously foretold 
by this great conference, thef it will be because you, 
as individuals and as groups, will have had the courage 
to take big calculated risks in business, in education, 
in politics, and in every other field that really counts. 


Thank you. 
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INC — 





1. Columbus, Ohio 48. Southern Tier, New York 

2. Dayton, Ohio 49. Niagara Frontier, New York 
3. Pittsburgh, Pennsylvania 50. Great Salt Lake, Utah 

4. Jamshedpur, India 51. Erie, Pennsylvania 

5. Metropolitan New York 52. Akron, Ohio 

6. Atlanta, Georgia 53. Calumet, Indiana 

7. Cleveland, Ohio 54. Chattanooga, Tennessee 

8. Cincinnati, Ohio 55. Macon, Georgia 

9. Birmingham, Alabama 56. Wichita, Kansas 

10. Dallas-Ft. Worth, Texas 57. Oklahoma City, Oklahoma 
11. East Tennessee 58. Charleston-Huntington, W. Va. 
12. San Francisco-Oakland, Calif. 59. Albuquerque Area, N. M. 
13. Syracuse, New York 60. East Texas 

14. Washington, D. C. 61. Metropolitan New Jersey 
15. Tulsa, Oklahoma 62. Merrimack Valley, N. H. & Mass. 
16. St. Louis, Missouri 63. Tri-State, New Hampshire 
17. Tri-Cities, Tennessee 64. Middle Tennessee 

18. Louisville, Kentucky 65. Indianapolis, Indiana 

19. Stark County, Ohio 66. Eastern North Carolina 

20. Seattle, Washington 67. Portland, Oregon 

21. Winston-Salem, North Carolina 68. Worcester, Massachusetts 
22. Houston, Texas 69. North Alabama 

23. Los Angeles, California 70. Central Arizona 

24. Youngstown, Ohio 71. Lancaster Area, Pennsylvania 
25. Chicago, Illinois 72. York, Pennsylvania 

26. Savannah, Georgia 73. Nashville, Tennessee 

27. Jacksonville, Florida 74. New Orleans, Louisiana 

28. Memphis, Tennessee 75. Central Connecticut 

29. San Diego, California 76. Mid-Hudson, New York 

30. Boston, Massachusetts 77. Lehigh Valley, Pennsylvania 
31. Philadelphia, Pennsylvania 78. San Gabriel Valley, California 
32. Rocky Mountain, Colorado 79. Mobile, Alabama 

33. Pensacola, Florida 80. Central Illinois 

34. Fort Wayne, Indiana 81. Western Virginia 

35. Central Indiana 82. Southwestern Connecticut 
36. Toledo, Ohio 83. Western North Carolina 

37. Peninsula, California 84. Central Arkansas 

38. Twin City, Minn. & Wis. 85. Mohawk Valley, New York 
39. San Antonio, Texas 86. Long Island, New York 

40. Miami, Florida 87. Southern Ontario, Canada 
41. Baton Rouge, Louisiana 88. Evansville, Indiana 

42. Baltimore, Maryland 89. Susquehanna Valley, Penn. 
43. Sacramento, California 90. Omaha, Nebraska 

44. Rochester, New York 91. Florida West Coast 

45. Milwaukee, Wisconsin 92. Kansas City 

46. Mississippi Valley, la. & Ill. 93. Northwest Georgia 

47. Detroit, Michigan 94. Springfield, Massachusetts 
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. Harrisburg Area, Pennsylvania 100 

. Binghamton, New York 101. 
. Naugatuck Valley, Connecticut 102. 
. Saginaw Valley, Michigan 103. 
. Southeastern, Virginia 104. 


105. Orange County, California 





. Wilmington, Delaware 

Central, Virginia 
Capital—Berkshire, N.Y., Mass., Vt. 
Marion, Ohio 

Central, Florida 





University of Alabama 

University of Arkansas 

Bradley University 

University of California 
University of Southern California 
Case Institute of Technology 
Columbia University 

University of Florida 

Georgia Tech 

University of Houston 

Illinois Institute of Technology 
lowa State College 

State University of lowa 

Johns Hopkins University 
Lafayette College 

Lamar State College of Technology, Texas 
Lehigh University 

University of Missouri 

University of Minnesota 
Montana State College 

Newark College of Engineering 
New York University (Day Division) 


New York University (Evening Division) 
North Carolina State College 
Northeastern 

Northwestern 

Ohio State University 
Oklahoma State University 
Oregon State College 
Pennsylvania State University 
University of Pittsburgh 
Purdue University 

University of Rhode Island 
Rutgers University 

Stanford University 

Syracuse University 
University of Tennessee 

A & M of Texas 

Texas Tech 

University of Utah 

Virginia Polytechnic Institute 
Washington University 
Wayne State University 
West Virginia University 
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